
c. L. GooDRUM 
TELEPHONE SYSTEM 

2,165,924 July 11, 1939. 

09:30/5/ 

52 Sheets-Sheet Original Filed Oct. 31, 1933 

W/AW7OA 

C ?. Go?OPUM 

A77OAPWAY 

  

  

  

  

    

  



2,165,924 C. L., GOODRUM 

TELEPHONE SYSTEM 

July 11, 1939, 

Original Filled Oct. 31, 1933 52 Sheets-Sheet 2 

||||HI(9): |?? IIIIIIII??zz 
(WVAW7OAP 

C. A. GOOAAPUVM/ 
Asy 

  

  

  



. 

July 11, 1939. ?. L Go?DRU? 2,165,924 
TELEPHONE SYSTEM 

Original Filed Oct. 31, 1933 52 Sheets-Sheet 3 

HËHERËS, 

VD 
s S. 

f d ? s G S G 

/W/AW.7OAP 

C. A. GOODARUMM 

  

  

  

  

  



July 11, 1939. C. L. GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 3l, l933 52 Sheets-Sheet 4 

? 
???? 

477 ORNWEY. 

  

  

  



July 11, 1939. C. L. GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filed Oct. 31, 1933 52 Sheets-Sheet 5 

EEE J W HHH ! 

//VMEW7OAP 
. G. 4. GOODAPUM 

A 77OAPMAF1 

  

  

  



2,165,924 C. L. GOODRUM July 11, 1939. 
TELEPHONE SYSTEM 

Original Filled Oct. 3l, l933 

) || || 

6/97 959/.../· 
//W/AW7OAp 

G. L. GOOAAUM 

" (~???. 
4770AP/MET/ 

  

  



July 11, 1939. 

7 

C. L. GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filed Oct. 3l, l933 52 Sheets-Sheet 7 

N s 

R ----- 

?F===HHHHHH? ?LEËHEË 

//W/AW7OAP 
C. L. GOOAAUMM 

a 77OAPWA1 

  

  

  

  



July 11, 1939. c. L. GooDRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 31, l933 52 Sheets-Sheet 8 

h-E m 

H. : ? E--S 
N N|||||||||||||| R 19|| ? -“-“ 

??? ||-- 
UE E. d 

|- I LIES. cal 
9. 

EEEEEE m 
Ttoi ! 

| | Ei=== Het lijn H H H H Hij ?? 
LL LSGSGSSLLL LL L LL LLLLL LL LSSSGLSL LLLLS SLLL 

s 

//W/AW7OAP 
C. A.. GOODAPUM 

A77OAPWAY 

cy H 

  

  

  

  
  



July 11, 1939. C. L. GOOD RUM 2,165,924 
TELEPHONE SYSTEM 

Original Oct. 31, 1933 52 Sheets-Sheet 9 

LSLSLSLSLSSLLLSLLLLLSLLLLLSLLLLLSSLSLLSSSSSSLSSSSSSLLLLSLSSLLSLSSSSLSLSSSLSSS SSSSS SSSSSS 

  

  



July 11, 1939. C. L. GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 31, 1933 52 Sheets-Sheet lo 

N 

LLS LLLLLLLLLL LSLSLL LLSLSLLSLSSSSSASLLALLLL LLLSLLLAHLSeSASA AAS SAAAL LLL LLL LSAAAA L SLALLLLLLL LLLLSLLLLLLSLLLLLSLSLSSLLLLLSSLLLLSLSSLLLLLLSLLLLLSLLLLLSLLLLLSLLLLLSLLLLLSLLLLLSLLLLLL 

LS LLLLLLLLLLL L LLL LLLLLSSSSSSSLLLLLSSS 

? ? CO was 
H. H. 

? 
Y 

? -- 

/W/AW7OA 
C. L. GOOOAOMM 

  

  

  

  

    

  



C. L. GOOORUM 

TELEPHONE SYSTEM 

???= 

H-III 

an. H 

  

  

  

  

  



TELEPHONE SYSTEM 

Original Filled Oct. 31, 1933 52 Sheets-Sheet 12 

-- - - - - I LLLLSLLLL LSSLSLSSLSLSSLSLSSLSLLLLLLSLLLSLSLLLSLSLLLSLSLLLSLSLSLSLSLS SS L LLL EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 

a 
Elgin. 

DS 

U 

d OODAPUM 

B}/ u 

a77OAWAY 

  

  

  

  



July 11, 1939. c. L. GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 31, 1933 52 Sheets-Sheet l3 

EEEE O ?? ?????????= LLS SSSSLSLLSLSSSSSSLSSLLLLGLLLGSLLLLL LLL0 YL SS S LLLLL L LLLLL S L L L L L L L SLLLLLLL 
II 

E: H fil k 
s 

S 

rry 
N 

//W/AW7OAP 
C. L. GOOAAU/MM 

A77OAP/WAY 

  

  

  

  

  

  

  

  

  

  

  



July 11, 1939. C. L. GOODRUM 2,165,924 
TELEPHONE, SYSTEM 

Original Filed Oct. 31, 1933 52 Sheets-Sheet 14 

iiiiiiiiiiiiiiiiiijiEEEEEE 
|||||||||||ETEIHÄFEEEEEË 

LLLLLL LLLLLLLLS LL SLLLLLLSLLLSLSLSLSLSLSLSLSLS LLLLLLLLL LSLSLSLSLSLLSL LSS LSL LL LSLLLLLLSM SMMMMSMSMMM Me e ss L TMSMSSLLLSLLLSLSLLLe eeeeSLLLLL 
LLS L LLLLLL AASSAAAASS L SS L LLLLLLLLSLLLLLSLLLSMS LLLLMM LSLSLLLLLSLLLLLLLTSLSS LSSSSSSSMLSMLLMMSM ekSSLkT S SL SLLL LLLL SS T S S S TMLLLSS MMM MM MMMMMMSeSe SeseTTTSSLSLSLLLSLSLLLSLSLLLLLSLLLLLSSLLLLLL LLLLLL 

--- 
? ? || || REË a S. s. ?? 

III FFIEEEEEEE H =His R 
|| || || Is S| ? ? s 

Earl 

|???? ????? ?????? ? =???? 
si ? #Ti|| || | ti i ti: EHË -Hili Pii 

----?????????TII———— IT-T??T 

E. | 

| | | | Pi4 E4.4B 

s 

W/V/AW7OAp 

C. A. GOOAAUMM 
AY 4. 

A 77OAPWEY 

  

  

  

  

  





July 11, 1939. C. L. GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 3), l933 52 Sheets-Sheet le 
U W 

iFi=Fi=HRH SI I I I II 

HERRIARH || |||||||||||||||||| || O EED 

s 

//VMEW7OAP 

C. L. GOOOAUM 

477 OARAVAE / 

  

  

  

  

  

  

  











July 11, 1939. c. L. GooDRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filed Oct. 31, 1933 52 Sheets-Sheet 21 

ELLLLL LJSL0 YJSLS q cJ0 L L 0L00 KSELJYLL LLS If 

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH) 

for ?o I fo --in ? ' ";j??? fr | { f'i ??? ??? ??? ???? ??? ??? ??? ??? ??? ??? 
l 

//WMEW7OAP 
C. A. GOOAAP/AM 

A77 OAAVE ? 

  



2,165,924 C. L., GOODRUM 

TELEPHONE SYSTEM 
July 11, 1939. 

52 Sheets-Sheet 22 Original Filed Oct. 31, 1933 

//WMEW/OAP 
C. A. GOODAPUAM 

? 

  

  

  

  



July 11, 1939. C. L., GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 3l, l933 52 Sheets-Sheet 23 

s ? 

| 
-s 

rSTT M T STSMMSS L L ee LeA LSS SMLLLL SS SSSCSSSSSSSL SSLSLSLLTLLL TTeTeLSL S 

s 

?????? 

S S T NS 

s //VVF/V7OAP 
\ C. A. GOOAAp/M 
C) 
? A1 

  





2,165,924 ?. C. L. GQODRUM 

TELEPHONE SYSTEM 

July 11, 1939. 

c//008/9 SAVEZA ‘C/Wº 

//W MEWTOAP 
C. A. GOOAAUM 

ar 

  



July 11, 1939. C. L., GOODRUM 
TELEPHONE SYSTEM 

2,165,924 

Original Filled Oct. 3l, l933 52 Sheets-Sheet 26 

???? 

i 

S 

i. 

a 77 OARWAY 

  

  

  

  





C. L., GOOORUM 

TELEPHONE SYSTEM 

July 11, 1939. 2,165,924 

l Filled Oct. 3, 1933 

477 OARAVAE / 

  

    

  

    

  



2,165,924 C. L. GOODRUM 

TELEPHONE SYSTEM 
July 11, 1939. 

52 Sheets-Sheet 29 riginal Filled Oct. 3l, l933 

|| || || || || || || || || |~ || 6?'9/…/ 
? | || || | ========?====?--------–) 

//V/AW7OAR 
C – Z. GOOADA.PL/MM/ 

??? 

  



----------------------------------------? 

July 11, 1939. 

/WVEW7OA 
C. A.. GOOOAUM 

E1 

  





C. L. GOODRUM July 11, 1939. 2,165,924 
TELEPHONE SYSTEM 

52 Sheets-Sheet 32 Original Filled Oct. 3, 1933 

s” 

·ZZZZZZZS 2?22% 
^ 111111111111?;—————————————.**————— 

a 77OAPWEY 

  



July 11, 1939. C. L., GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 31, 1933 52 Sheets-Sheet 33 

| 

? 

f/V/EWVOAP 

C. L. GOODAPUM 

a 77OARAVEY 

  

  

    

  







2,165,924 C. L., GOODRUM July 11, 1939. 
TELEPHONE SYSTEM 

--------------------------------+ 
52 Sheets-Sheet 36 

? 

?? 

| 

• 
| 

Original Filled Oct. 3, 1933 

ol. 

5577777777757 

A Y 

A 77OAPWAY 

  

  





2,165,924 C. L., GOOORUM 

TELEPHONE SYSTEM 

July 11, 1939. 

52 Sheets-Sheet 38 Original Filled Oct. 31, 1933 

APP/ 

477 OAPAVAY 

  

  

  

  

  

  

  

  



C. L., GOODRUM 

TELEPHONE SYSTEM 

July 11, 1939. 2,165,924. 

Original Filled Oct. 31, 52 Sheets-Sheet 39 1933 

scaeaea, 
| 

? 

LSLSLSL LSL LLLLL LL LLLLL SLSLSLSL 

vwvëwrol? 
C. L. GOOOAPUM 

a 77OAPWEY 

  

  

  

  

  



???——??----------------------------------------------------- ?2 

July 11, 1939 

477 OARAVAY 

  
  

  

  

  

  



C. L. GOODRUM 
TELEPHONE SYSTEM 

July 11, 1939. 2,165,924 

52 Sheets-Sheet 41 Original Filled Oct. 3, 1933 

/90px 

A77OAPWAY 

  





2,165,924 c. L. GOODRUM 
TELEPHONE SYSTEM 

52 Sheets-Sheet 43 Original Filled Oct. 31, 1933 

Since 

BRITIÐIIIIIIII 
//V/AW7OAP 

C. A. GOOADAU/M 
B1 

477 OAPAVEF/ 

  

  

  

  



2,165,924 c. L. GooDRUM 
TELEPHONE SYSTEM 

July 11, 1939. 

52 Sheets-Sheet 44 Original Filled Oct. 3l, l933 

/WMEW7OAP 
C. A.. GOOOAUM 

  



2,165,924 C. L. GOOORUM 

TELEPHONE SYSTEM 

July 11, 1939. 

52 Sheets-Sheet 45 Original Filled Oct. 3l, l933 

* 

5 67572/67/V/A/ 

//W/E/Y7 OA? 
C. Z. GOOAAPUM 

Br 
477 OARWAFy 

  

  

  

  

  



July 11, 1939. C. L., GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filed Oct. 31, 1933 52 Sheets-Sheet 46 

t 

s 

s 

s 

  

  

  



2,165,924 July 11, 1939. C. L. GOODRUM 
TELEPHONE SYSTEM 

52 Sheets-Sheet 47 1933 Original Filled Oct. 3, 

WWMEW7OAP 
C. A. GOOADAPUM 

477 OARWAET/ 

  



?. L. Go?DRU? 
TELEPHONE SYSTEM 

July 11, 1939. 2,165,924 

52 Sheets-Sheet 48 Original Filled Oct. 31, 1933 

/WMEW7OAP 
C. A. GOOOAMM 

AB/ 

A 77OARWEY 

  



July 11, 1939. 

a. 

s 

|| 

H 

C. L. GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 3l, l933 52 Sheets-Sheet 49 

fwvEwTOR 
C. L. GOODAPUM 

ABY 

A77OARMA/ 

  





July 11, 1939. C. L. GOODRUM 2,165,924 
TELEPHONE SYSTEM 

Original Filled Oct. 31, 1933 52 Sheets-Sheet 51 

ill : ? 

le. I 

S 

E 
o 

S. S. 
i 

477OARWEFY 

  

  

  

  

  

  

  



July 11, 1939. C. L. GOOORUM 2,165,924 
TELEPHONE SYSTEM 

Original Filed Oct. 31, 1933 52 Sheets-Sheet 52 

- I S 

: 

ass mmmmmmmmmm 

47 s 
DSAll 

N 
Dw D A D ADMMMMewn 

??) ? ?f "?????? 
la5 IIIIIIIII 

//V/AW7OAP 

C. L. GOODAPUM Ay 

A 77OARWAY 

  

  

  

  

    

  

  

  

    

  



10 

5 

20 

25 

30 

0 

45 

50 

Patented July 11, 1939 

UNITED STATES 

2,165,924. 

PATENT OFFICE 
265,924 

TELEPHONE systEM 
Charles L. Goodrum, New York, N. Y., assignor 

to Bell Telephone Laboratories, incorporated, 
New York, N. Y., a corporation of New York 

Application October 31, 1933, Serial No. 695,999 
Renewed December 14, 1938 
9 Claims. 

This invention relates to telephone systems 
and more particularly to an automatic billing 
system embodying the means and the method 
whereby the various completed calls chargeable . . 
to different lines over a stated billing period are 
automatically recorded, classified and finally 
tabulated, computed and printed from records 
individual to each of said several lines. In its 
preferred embodiment the invention has been 
developed with respect to means for handling the 
charge accounts of the subscribers of a telephone 
system; but generally speaking its flexibility 
makes it possible to adapt and apply it to all 
large groups of similar commercial transactions 
which run over stated billing periods. Applied 
to a telephone system, therefore, the invention 
covers automatic means for timing, recording 
and billing all telephone calls made by the sub 
scribers of a telephone office, a group of offices 
or a telephone area, within a stated billing 
period. 
At the present time it is well known that 

charges for telephone service on some classes of 
subscribers' lines as, for example, individual 
message rate lines, are usually made by operating 
a message register meter associated with the call 
ing subscriber's line regardless of whether the 
telephone system of which the calling line forms 
a part is manual, seni-automatic or automatic 
and that said meter is operated when the called 
subscriber removes his receiver from the Switch 
hook as evidence of the completed connection. 
Furthermore, recent advances in the telephone 

art make it possible for the calling subscriber of 
an automatic telephone system to dial directly 
the office and number of a wanted subscriber 
located in that section of the "toll' area, which 
is immediately contiguous to the local area and 
for which the charge for the connection is a 
multiple of the base charge for a strictly local 
call. In such a connection, the meter of the 
calling subscriber is operated a plurality of times 
on the initial charge period when the charge is 
a multiple of the standard local rate and also a 
number of times thereafter for each period of 
overtime, depending on what multiple of the 
local standard rate is being charged for each 
overtime interval. At the end of each month or 
whatever period is used for billing purposes, the 
reading of each subscriber's line meter is taken. 
By subtracting the reading of the previous billing 
period from that of the period then terminating, 
the total number of local charges accumulated 
over the period is determined. This total charge 
comprises not only the separate charges for 

(C. 179-7.1) 
local calls but also the equivalent, in terms of 
the standard local rate, of charges for all calls 
completed in the immediate toll area and for 
which the subscriber is billed in bulk; that is, 
without an itemized identification of such toll 
calls to accompany the monthly bill. 
This method of billing subscribers, while prac 

tically satisfactory for local calls and such toll 
calls as can be billed in bulk, is impractical for 
use where the equipment of the telephone plant 
can be extended to permit subscribers to dial 
directly those called lines which are located in 
the more remote toll areas. As is well known, 
toll and long distance calls are timed and ticketed 
by a recording operator, the function of which is 
to preserve a record of the designation of the 
calling line, the destination of the call as well 
as the duration of conversation, so that, when 
the monthly bill for the line is made, the entries 
on the toll tickets are entered as separate. items 
thereon. Obviously, as long as a subscriber's 
line has to be routed to a recording operator 
before a toll or long distance connection can be 
extended to its destination, direct dialing by the 
subscriber to such distant points, with all the 
economies of operation and efficiency of service 
incident to automatic operation, will be impos 
sible. 
The invention is intended to overcome this 

obstacle by placing the timing and ticketing of 
all calls to toll points to which direct dialing is 
possible, on a completely automatic basis. It is 
also possible, by means of the invention, to pro 
vide an automatic means for recording the 
charges on all local calls and other calls charged 
for in multiples of the local charge rate but 
without preserving an identity thereof. And 
finally, the invention provides further automatic 
equipment by which monthly bills, including all 
local and all toll charges, are automatically made 
up for each line from records automatically made 
and containing the record of all calls made by 
said line over the billing period. 
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The advantages of the inventioia are manifest. ..." 
First of all it permits the extension of direct 
dialing to more distant points without any de 
lays for making out tickets and thereby elimi 
nates the possibility of errors incidential to the 
manual operation, it further preserves a record 
of the history of all calis as made by the sub 
scriber at the time and immediately after a con 
nection is established, thereby eliminating all 
possibilities of misunderstanding between the 
subscribers and the operating company, the for 
mer frequently complaining of 3eing charged 
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for calls they allege they did not make; but it 
also eliminates the necessity of the costly routine 
of periodical meter readings in the case of local 
calls and other calls charged for in multiples of 
the local call base rate, together with the neces 
sary organization of effort for transcribing the 
data so collected and further checking its accu 
racy. In other words the superiority of the in 
vention, as applied to telephone billing practices, 
is to be found in the possibility of broadening the 
potential scope of the use of automatic telephone 
equipment and of reducing the costs of operating 
the clerical branch of the telephone plant. 
The present invention, therefore, in its adap 

tation and application to a telephone plant, has 
for its broad object a system of apparatus and 
cooperating circuits for its operation whereby all 
calls dialed directly by the subscriber and Com 
pleted mechanically to a terminating office, 
whether local or toll, are recorded in a manner 
such that said record may be used as a basis of 
means for operating a printing tabulating mech 
anism for making automatically the subscriber's 
monthly bill. 
A particular embodiment of the invention, in 

its application to a telephone system, is illustrated 
in connection with the well known panel alto 
matic telephone system in which the calling 
subscriber establishes a connection with the called 
subscriber through dial controlled panel type 
switching selectors, although I do not wish to be 
understood as limiting my invention to any par 
ticular type of apparatus or any specific system; 
the invention being readilly adaptable by any one 
skilled in the art to other well known apparatus 
used for establishing telephone connections. 
The general principle upon which the invention 

operates is the making, on a suitable medium, of 
a record of each call made by a calling line of a 
group by means of a recording mechanism com 
mon to the group. This record includes the date, 
an identifying designation of the calling line, the 
code of the called office, the duration of the con 
versation and such other items as are found 
necessary to record for billing purposes. Ordi 
narily, most of the information is required in the 
case of toll calls when an itemized history of the 
call is furnished the subscriber with his bill and, 
in such cases, the number of the called station is 
likewise recorded. 
The recording equipment consists, in general, 

of a suitable recording apparatus, an allotter cir 
cuit for controlling the attachment of said record 
ing apparatus to a first stage switching trunk 
common to a group of lines and connected to the 
calling line, and a call recorder which may be 
individual to the trunk or common to a group of 
trunks for registering the called office code, called 
office number and the duration of the call. 

For registration purposes one recording ap 
paratus may be conveniently allotted to one group 
of subscribers served by a particular group of 
Switching trunks or, in those cases where line 
finder equipment is provided, to a group of lines 
terminating on one line-finder frame and served 
by a correlated group of line-finder-district selec 
tors. 
recording machine for this group undesirably in 
creases the holding time of the line finders, two 
or more such recording machines per line-finder 
group may be used, each machine serving a pro 
portionately smaller group of lines. 
The call recorder associated with the first stage 

Switching trunk or line-finder-district selector 
comprises a pulsing relay for responding to dial 

Should it be found, however, that a single 

9,105,984 
impulses, registering devices, such as small step 
by-step switches, for recording the dialed office 
code and, if desired, other switches for recording 
the number of the called subscriber, tining de 
vices for timing the eall and the necessary con 
trol relays. This call recorder may be supplied 
to a group of line finders where timing is only 
neces.ary on toll calls. But, if all calls are to 
be timed, whether local or toll, this equipment 
may be made a part of the line finder itself. 
For the purpose of illustrating the invention, 

the recording machine herein used is a perforat 
ing mechanism comprising a suitable number of 
punch magnets for perforating holes in a tape of 
suitable size, as more particularly described here 
inafter. Other recording mechanisms, for ex 
ample those which are responsive to the setting of 
suitable light valves, might be used as well. How 
ever, the invention as described and claimed 
hereinafter is not limited to any particular type 
of recording mechanism since the one shown and 
described is only typical of many equivalent mech 
andsms which are well known and available to 
the art. 

In general the invention, when applied to a 
telephone system, works as follows: When the 
subscriber removes his receiver from the switch 
hook, a line finder and a controlling device such 
as a register sender become serially connected 
to the line in the well known manner. If the 
registering and timing device is not individual to 
each line finder but common to a group of them, 
then means are provided for connecting such 
apparatus to a line finder when it is taken into 
lse, 

The subscriber, upon receiving dial tone, dials 
the office code and number of the called subscrib 
er, both of which become registered in the sender 
for the purpose of controlling the proper setting 
of the various switching selectors which operate 
to extend the calling line to that of the desired 
subscriber. Simultaneously with the registration 
of the office and called number code in the sender, 
said code and number are likewise registered in 
the line finder call recorder. If, after the called 
office code is registered in the sender, its transla 
tion by well known means indicates a local call 
for which no charge is to be made, such as for 
example, calls to the bureaus of the operating 
Company or calls made by lines having unlimited 
service for a flat rate charge, or calls to operators, 
a signal to this effect is transmitted from the 
sender to the recorder whereupon said recorder 
immediately releases. If, on the other hand, the 
translation indicates a call which is to be timed 
regardless of whether said call is local or toll, a 
signal to this effect is transmitted from the sender 
to said call recorder which then remains con 
nected to the line finder to perform the function 
of measuring the duration of the subsequently 
established connection. 
When the called party answers, a timing circuit 

begins to measure time and continues to measure 
time until either party restores. When the call 
ing party restores, responsive circuits are operated 
to cause an allotter which controls the group 
perforating machine to hunt for the line finder 
Connected to the calling line and to cause the 
connection of said perforating machine to said 
line finder and its associated call recorder. As 
Soon as the allotter connects with said line finder 
it causes the operation of a line identifying relay 
which, in turn, controls the operation of the per 
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forating machine to record upon a tape the 
identification of the line as determined by said 
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relay. The perforating machine then records 
directly from the timing circuit and from the 
call recorder the called office code and number 
of the called line, and also the duration of the 
call. As soon as this information has been re 
corded on the tape associated with the punch 
magnets of the perforating machine the call re 
corder is released for allotment on another Com 
pleted call in the same Way. 
The punched strip made by the perforating 

machine is not a narrow tape such as is used in 
printing telegraph systems but is a wide strip 
somewhat in the order of a player piano roll and 
the perforations required to record all the neces 
sary information required for billing purposes 
are made simultaneously thereon so that the 
time required for punching a record is reduced 
to a minimum. 
Since the perforating machine is common to a 

group of lines such as, for example, all the lines 
terminating on a line-finder frame, the record 
strip made by such a machine contains perfora 
tions of all calls made by all the lines of the 
group, not arranged under each line but arranged 
simply in the order of time in which the calls 
are made throughout the billing period. The next 
step in the embodiment of the invention is to 
sort the calls and allocate them to the lines from 
which they were made making a separate record 
for each line of all calls made from that line. 
During the making of this record, all informa 
tion which is to be printed on the subscriber's 
bill is recorded thereon, all information which 
is not, is suppressed. Further, all the required 
translations for changing the recorded time of 
each call into the equivalent charge for the call 
is also made so that, what appears on the indi 
vidual line record is only the information which 
is to be utilized by the tabulating and printing 
mechanism for printing or tabulating each item 
appearing on said record. 
The equipment for sorting out from the pri 

mary record strip the calls made by the various 
lines of the group comprises an analyzer and a 
suitable number of tape perforating machines 
controlled by it, there being, according to One 
preferred arrangement, one analyzer per calling 
line group with as many perforators for each 
analyzer as there are lines in Said group So that 
only a single passage of the punched strip 
through the analyzer is required. Each analyzer 
contains a series of pneumatic devices which re 
spond to the perforations in the record strip as 
the record of each call passes through. When 
the recording mechanism which makes the rec 
ord strip is different from the perforating ma 
chine herein used, the analyzer, of course, will 
contain, not the pneumatic devices which re 
spond to a perforated record, but whatever other 
devices are responsive to the character of the 
record made on the strip by said other recording 
mechanism. The response of the analyzer to the 
identification number of the calling line causes 
the selection of the proper line perforator thus 
distributing the registration of the calls to the 
separate recording mechanisms appertaining to 
the different lines of the group. Before analyz 
ing the punched strip, however, it is necessary to 
identify the so-called directory number of the 
calling line with its line finder or terminal code 
number, the relation of which to the directory 
number is purely arbitrary. To translate the 
identifying codes of the group record into di 
rectory line numbers, a supplementary or master 

E. perforated record is prepared for each line group 

which contains the perforations of the line-find 
er terminal number and, On the Same line, the 
corresponding directory number. This master 
strip is then run through the analyzer ahead of 
the record strip and controls the operation of 5 
the analyzer in such a way as to punch on each 
individual record strip the number of the line 
and such information as to the class of service to 
which it is entitled as is necessary for a proper 
computation of the bill. 10 
The pneumatic devices which respond to the 

office code and elapsed time of a call, control a 
translator which computes the charge for said 
call and determines whether or not the call is 
one to be itemized on the bill. As soon as the lis 
translation is made, the charge and, if the call 
is to be itemized, the date and office code and 
number of the called line, are punched by the 
perforator of the analyzer which was selected by 
the calling line code. 20 
The passage of the original record through the 

analyzer thus produces a set of individual 
punched strips, one for each line of the group. 
Each of these records, in the preferred embodi 
ment of the invention, shows local calls merely 25 
as individual charges while toll calls are punched 
in detail. The calls for each line will, of course, 
appear on these separate records in the order in 
which they are made and in a code suitable for 
tabulator operations. 30 
The Separate records as made up by the an 

alyzer are now in a form to be run through the 
tabulators for printing the list of toll calls for 
each line and the total charge for the local calls 
for said line. Or, again, if preferred, it may be is 
found feasible to have the tabulator make out 
the complete bill. 
A clearer conception of the scope and purpose 

of the invention may be obtained from the foll 
lowing description and attached drawings in 
which: 

Fig. 1 shows the general lay-out of all the fig 
ures pertaining to the invention which, for pur 
poses of description, has been conveniently di 
vided into three sections; 45 

Figs. 2 to 30 inclusive, arranged as shown in 
Section I, Fig. I, comprise the apparatus and 
general circuit organization for automatically 
establishing a call between two subscribers and 
for making the record strip or primary tape as 50 
it will hereafter be called; 

FigS. 2 and 23, taken together, show a district 
Selector with its associated timing circuit; 

Figs. 3 and 5, taken together, show the trip 
and frame start circuits of a line-finder-district 55 
selector; 

Figs. 4 and 6 taken together, show a link cir 
cuit through which the district selector of Fig. 2 
establishes connection with a register sender; 

Figs. 7 to 21, inclusive, show a register sender; 65 
Fig. 21 shows, schematically, a decoder and 

decoder connector; 
Fig. 22 shows a district allotter circuit; 
Fig. 24 shows a district caii recorder; 
Figs. 25 and 26 show the general grouping of ?? 

subscribers' lines for identification purposes; 
Figs. 27 to 30, inclusive, show the punching 

mechanism for perforating the designations of 
completed cais; 

Figs. 31 to 42, inclusive, arranged as shown in 
Section 2 of Fig. comprise the analyzer as 
follows: 

Figs. 31 and 32, inclusive, is the line-finder 
terminal translator: 

Figs. 33 and 34 show the office code translator; s 
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Fig. 35 shows the called number register: 
Fig. 36 shows time translator; 
Fig. 37 shows the date register; 
Fig. 38 shows the office name translator and 

part of the secondary punching machine; 
Figs. 39 and 40 show the rate computor and 

parts of the secondary punching machine; 
Fig. 41 shows a part of the secondary punch 

in machine; 
Fig. 42 shows the detailed construction of the pneumatic valve; 
Figs. 43 to 53, inclusive, arranged as shown 

in Section 3 of Fig. 1, comprise such modified 
parts of the ordinary printing tabulator which 
comprise necessary parts of this invention. 
The following description has been arranged 

in three separate sections as a matter of con 
venience to conform with the arrangement of 
the drawings, viz., (1) The preparation of the 

70 

S 

primary tape, (2) The preparation of the second 
ary tape and (3) the printing tabulator. The in 
vention will be described in the same order. 

SECTION I. 

Preparation of the primary tape-Figs. 2 to 30 
inclusic 

Subscriber's line 200 is one of a group of 
ten lines, said group comprising one of the four 
groups of lines shown in Figs. 25 and 26. The 
lines of these groups terminate on the banks 
of a line-finder frame to which line-finder 
switches have access in the known manner. 
the disclosure of this invention, a line-finder 
district selector comprises two mechanically mov 
ing elements operatively associated together, one 
element for finding and connecting with the ter 
minals of a calling line, as shown by the arrange 
ment of the line-finder brushes and terminals at 
25 and the other, usually termed the district 
selector, is used as a first switching stage for 
extending the calling lines indicated by the 
brushes of said selector and selector bank ter 
minals at 250. Further, in this disclosure of 
the preferred embodiment of the invention, the 
well known panel mechanical telephone system is 
used principally for the purpose of illustrating 
the ease with which the principles of the inven 
tion can be adapted by any one skilled in the 
art to any type of automatic or semi-automatic 
telephone switching equipment. The line-finder 
district selector shown in Figs. 2, 23 and 25 is 
but a modification of the panel line-finder-dis 
trict selector disclosed in Figs. 1 and 35 of the 
telephone system disclosed in Patent No. 1,862,- 
549, granted to R. Raymond and W. J. Scully, 
and dated June 14, 1932. Likewise the trip, 
start and link circuits shown in Figs. 3, 5, 4 and 
6 correspond respectively, exactly to the same 
circuits in the same numbered figures in the 
above mentioned patent. The sender, decoder 
and connector, which are shown in Figs. 7 to 21 
inclusive of the drawings, are also similar to 
the corresponding parts of the above mentioned 
patent. The sender circuit, however, has been 
slightly modified for operation with my billing 
system as more completely described hereinafter. 
The decoder connector and decoder, schemati 
cally shown together in Fig. 21, are the control 
and translating units cooperating with the send 
er and are also fully described in the above men 
tioned patent. Hence, while the operation of 
these circuits, in relation to the invention, is 
believed to have been fully covered in the de 
scription following hereinafter, reference. is made 
to the above mentioned patent for a more com 
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plete description of any and all parts of said 
circuits not fully covered herein. 
Assuming, therefore, that subscriber 2UID 

initiates a Call, then the removal of the receiver 
from the switchhook (not shown) closes a circuit 
from battery through the winding of line relay 
250, inner back contact of cut-off relay 22, 
through the substation circuit, outer back con 
tact of cut-off relay 22 to ground. Relay 2UD 
operates, connects ground to conductor 2D ex 
tending to trip circuit 00, and connects con 
ductor 25 li to the line-finder terminal to which 
brush 254 has access, thus initiating the opera 
tion of the trip, start and link circuits and the 
associated line finder. 
The trip circuit ID, shown in Fig. 3, is ont 

of ten similar circuits serving a group of four 
hundred subscribers' lines. The purpose of the 
circuit is to trip the proper set of brushes on 
the line finder which hunts for the calling line 
and to insure that calls are served in order and 
one at a time. The gang switch 34 serves to 
connect the trip circuit with the line and with 
the start circuit OD, and permits the rapid trans 
fer to the emergency trip circuit UiO i should 
trouble arise. 
The start circuit S is common to the ten 

trip circuits and serves to bring about the asso 
ciation, without interference, of calling subscrib 
ers' lines with district selectors and senders, 
The gang switch 59 which connects the start 
circuit 500 with the trip circuit 3D and with the 
link circuit also serves to transfer these circuits 
into connection with the energency start circuit 
59 in case of trouble. 
The link circuit shown in Figs, 4 and 6 is one 

of a group of link circuits serving half of the 
group of four hundred subscribers' lines. When 
normal the link circuit is associated with an idle 
district, selector and advances to a sub-allotted 
position. The link circuits are arranged in a 
chain and when one link circuit is taken for use 
the next link is advanced to an allotted position, 
Therefore, only one link circuit is ready for use 
at a time. The link circuits serve to connect 
a calling line through a line-finder district se 
lector circuit with a sender for recording the 
number of the wanted line and for controlling 
the establishment of the connection. 
The connection of ground to conductor. 28), 

which is common to a group of twenty lines, con 
pletes a circuit through switch 34), back con 
tact of relay 302, upper winding of relay 3 to 
battery. Relay 3D connects ground over its 
lowermost front contact, inner contact of relay 
308, upper contact of relay 303, switch 40, con 
ductor 86 to gang switch 59, through the wind 
ing of relay of the start circuit 5 to. bat 
tery. It also closes a circuit from ground over 
its next-to-lower front contact, outer contact of 
relay 306, lower back contact of relay 38, up 
per winding of relay D4, switches 34 and SO, 
upper back contact of relay 55 to battery. Re 
lay 304 operates and locks in a circuit from 
ground over the lowermost contact of relay 3D, 
inner back contact of relay it, lower winding 
and inner lower front contact of relay 34, over 
the back contacts of similar relays in the other 
trip circuits to the start circuit SO and through 
the lower winding of relay 55 and resistance ST 
in parallel to battery. 

Relay 55 operates, connecting battery through 
its lower winding and through resistance UT in 
parallel with conductor 242. With relays 34 
and SS operated, a holding circuit is completed 
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for relay 3D from ground at the outer front 
contact of relay 55, outer lower front contact 
of relay 34, inner front contact and lower wind 
ing of relay 80 to battery. This circuit also ex 
tends in parallel with the lower winding of relay 
3 to the winding of relay 05 and battery. Re 
lay 3DS locks over its upper front contact, outer 
back contact of relay 6, next-to-the-lower 
front contact of relay 3 to ground and thereby 
closes an additional locking circuit for relay 0. 
Relay 3DS closes a circuit from ground Over its 
lower front contact, outer upper front contact 
of relay 304, middle front contact of relay 30, 
outer back contact of relay 5 l , inner back con 
tact of relay 508, conductor 59, lower contacts 
of cam 09, to brush 406 of the trunk finder 400. 
This finder has been positioned on the terminals 
leading to an idle district selector and the dis 
trict selector sequence switch has been advanced 
to position 2 in the manner described herein 
after, so that the above traced circuit extends 
over conductor 248, upper winding of, relay 20, 
conductor 2307, right contacts of cam 223, wind 
ing of relay 226 to battery. Relay 226 operates 
in this circuit and initiates the operation of line 
finder 250. Relay 230 operates, locks over its 
lower winding and bottom inner contacts to bat 
tery through resistance 233. Through its bot 
tom middle contacts relay 230 partially closes a . 
path from conductor 232, bottom outer contacts 
of said relay, conductor 2364, winding of mag 
net 243 to battery at the back contact of relay 
25, in preparation for the selection of and 
connection with a call recording mechanism at 
the time when the district selector switch 200 
advances to position 3 as described hereinafter 
and at its lower contacts prepares the circuit 
of holding magnet 24. 

Relay 304 also closes a circuit from battery 
through winding of trip magnet 25 of line 
finder 250 over conductor 2527 to ground at its 
inner upper front contact. Relay 305 also closes 
a circuit from battery through the upper wind 
ing of relay 306, upper winding of relay 303, 
lower front contact of relay 305, to ground. Re 
lay 303 operates in this circuit but relay 306 does 
not operate in series with relay 303. Relay 303 
opens the circuit of relay 56 and that relay re 
leases unless its circuit is maintained at some 
other trip circuit belonging to this group of lines. 
When relay 226 operates as above described, it 

locks over its inner upper front contact, upper 
contacts of can 222, back contact of relay 22, 
commutator strip 2522, brush 259 to ground. 
Relay 225 also closes a circuit from battery 
through the up-drive magnet 255 of the line 
finder 259, inner lower front contact of relay 
226, right 263 acts of cam 28, outer lower front 
contact of relay 226, upper right contact of cam 
209, lower right contact of cam 22 to ground. 
The line finder 25 to is moved upward in search 
of the calling line under the control of magnet 
255. When the line finder has passed the trip 
ping zone so that the proper brush set has been 
made operative, brush 2520 encounters the con 
ducting part of the commutator strip 2523 com 
pleting a circuit thereby from ground over brush 
2520, segment 2523, upper contacts of cam 206, 
conductor 242 through make-busy keys (not 
shown) and thence over the inner front contact 
of relay 55 to the winding of relay 55 and 
resistance 57 is shunt of the winding of relay 
3O4. . Relay 304 now releases, in turn releasing 
trip magnet 2S. T. When brush 2520 leaves the 

5 
segment 2528, relay is also releases to restore 
the operating circuit for the relays such as relay 
304 in the other trip circuits. 
When the line finder finds the calling line, a 

circuit is closed from ground over the upper con 
tacts of cam 22, winding of relay 22, brush 
254, inner front contact of relay 250, conductor 
253 which extends to the lower winding of relay 
306 and the resistance 30 in parallel. Relay 
227 operates in this circuit connecting ground 
Over commutator strip 2522, front contact of re 
lay 22, through resistance 228 in parallel with 
its winding, permitting relay 306 to operate. Re 
lay 306 opens the locking circuit of relay 305 and 
the holding circuit of relay 30. The release of 
relay 3DS opens the energizing circuit of relay 
803 and that relay releases unless held locked 
because relay 56 is held operated from some 
other trip circuit. 

In the start circuit, at the same time that the 
operation of relay 305 connected ground to con 
ductor 59 to operate relay 226, this ground also 
extended Over the inner upper back contact of 
relay 50, through the winding of relay 505, 
upper winding of relay 508, outer lower back 
contact of relay 503 to battery. Relay 505 oper 
ates in this circuit, locking to ground at its front 
contact independent of relay 305, but relay 508 
does not operate at this time. However, when 
relay. 226 operates to start the line finder, it also 
connects ground over the upper right contact of 
cam 209, outer lower front contact of- relay 226, 
upper right contacts of cams 28 and 207, con 
ductor 247, brush 405, lower left and upper right 
contacts of cam 67, conductor 690, lower wind 
ing of relay 508 to battery, Relay 508 now oper 
ates, short-circuits relay 505, opens the operating 
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circuit of relay 226 and locks to ground at the . 
front contact of relay 305. Relay 508 also closes 
a circuit through the upper winding of relay 55 
for holding that relay operated. When the call 
ing line is found, the operation of relay 22, also 
opens the locking circuit for relay 226 and that 
relay releases, opening the circuit of up-drive 
magnet 255, bringing the line finder to rest. 
Relay 230 whose operating circuit is opened 
with that of relay 226 does not release at this 
time as it is locked over its bottom winding as 
already described. The release of relay 226 re 
leases relay 508 completing the restoration of the 
start circuit 500. Relay 226 released, closes a 
circuit from battery through the winding of cut 
off relay 2502, resistance 2532, brush 253, re 
sistance 2526, top inner back contact of relay 
2525, conductor 2534, outer upper back contact 
of relay 226, lower contacts of can 25, lower 
contacts of cam 22 to ground. Relay 2502, in 
operating, opens the circuit of the line relay 250 
which in turn disconnects ground from conduc 
tor 2530 releasing relays 30 and 306 in the start 
circuit and relay 22 in the district selector, and 
reconnects relay 2503 with the terminal engaged 
by brush 254. The release of relay 30 com 
pletes the restoration of the trip circuit 300 to 
normal. 
When relay 226 operates to start the line finder 

it also transmits a signal to the link circuit to 
start it hunting for a sender. The circuit for 
this purpose is the same as that used for oper 
ating relay 508 as far as brush 405 whence it 
extends over the right contacts of cam 60 
through the winding of relay 420, resistance 42 
to battery. Relay 420 operates and locks over 
its lower front contact to ground over the upper 
left and lower right contacts of cam 625. It 
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also closes a circuit from ground over its lower 
most front conta?it, right contacts of cam ili, 
winding of magnet B0 to battery, advancing the 
link sequence switch to position 2 in which post 
tion relay 420 releases. In position 2 a circuit 
is closed from battery through the winding of 
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relay 28, upper right and lower left contacts 
of cam 9, upper back contact of relay 42d, 
lower left and upper right contacts of can 
to ground. Relay 428 prepares relay 42 for 
testing for an idle sender by connecting ground 
over its inner upper contact to the lower winding 
of relay 424 which is connected over the left 
contacts of cam 624 through the middle winding 
of relay 424 to battery and over the lower left 
and upper right contacts of can 24 through the 
upper winding of relay 24, back contact of relay 
420, upper contacts of cam 62 to brush 454. 
Relay 424 is so woundi that this combination of 
circuits renders it quick to operate when the 
proper condition is found and quick to release 
if some other link has just tested the same 
sender. Relay 423 also closes a circuit from 
battery through the upper winding of relay 422, 
upper front cohtact of relay 423 to ground at 
the lower back contact of relay 424. Relay 422 
in operating completes a circuit from battery 
through the winding of up-drive magnet 4B, 
upper contacts of can 623, inner lower front 
contact of relay 422 to ground at the outer lower 
back contact of relay 420. The sender selector 
450 is therefore driven upward under the control 
of magnet 46. 

Idle senders are characterized by battery 
through 270 ohms resistance and, assuming that 
the sender shown is the first idle one to be en 
countered, a circuit will be closed from battery 
through resistance 302, left back contact of re 
lay 303, loWer back contact of relay 2, con 
ductor 746, brush 454 to ground through the up 
per and lower windings of relay 424. Relay 424 
operates in this circuit and closes a locking cir 
cuit for itself from ground over its lower front 
contact, lower left and upper right contacts of 
cam 624, upper winding of relay 424 to battery 
over brush 454 as above traced. This circuit 
alters the potential on brush 454 so that no other 
link circuit which may be hunting can stop on 

The operation of relay 424 opens 
the circuits of relays 422 and 428 which now re 
lease. With relay 428 released and relay 424 
operated, sequence switch 600 is advanced to po 
sition 3 in a circuit from battery through the 
winding of magnet 600, left lower contact of cam 
68, contacts of jack 60, back contact of relay 
428, upper front contact of relay 424 to ground 
over the lower left and upper right contacts of 
cam f. 
While sequence switch 600 was in position 2, 

a circuit was closed from ground over the left 
contacts of cam 605, right contacts of cam BOB, 
to the next link circuit in the sequence, which is 
the first one shown, over a contact of jack BET, 
left contacts of can 66 and the right contacts 
of cam 665 to the sequence switch of that link 
to advance said link into position 1 in readiness 
for use. Likewise with the link sequence switch 
600 in position 2, a circuit is closed from ground 
over the lower right and upper left contacts of 
cam 608, brush 40, conductor 23, upper left 
contact of cam 28, upper right contact of cam 
20, upper winding of relay 225 to battery. Re 
lay 225 locks over its inner upper contact to 
ground over the left contacts of can 22. When 
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found, a circuit is closed from battery through 
the winding of sequence switch magnet O, 
upper right contact of can 224, lower front con 
tact of relay 22, lower back contact of relay 
22, upper right contact of can 2 to ground, 
advancing sequence switch 2 to position 3, 
When sequence switch 2 leaves position 2, re 
lay 22 releases. When sequence switch II 
reaches position 3 the circuit of cut-off relay 

2 is closed to ground over the upper left and 
lower right contacts of can 22, holding the cut 
of relay operated under the control of relay 
22 until the sequence switch leaves position 
17%. In position 3, ground is connected to con 
ductor 22 at the left upper contact of cam 
22 and completes thereby the circuit of magnet 
24 of the call recorder as already described. 
Now the number of recording mechanisms 

available to a group of line-finder-district selec 
tors depends on the needs of the traffic. That 
is to say, it depends on the number of calls origi 
nated by the group which have to be recorded 
for charging purposes, whether local or toll. 
Hence, the number provided and the operative 
connection with, the group of line-finder-district 
selectors to which they appertain may be ar 
ranged with respect to each other in any con 
venient method known to the electrical switching. 
art. In the preferred embodiment of the inven 
tion and simply by way of illustrating how one 
of the means can be used to attain this result, the 
well known Keith line switch arrangement, most 
extensively used in step-by-step automatic teleph 
ony, to connect together a calling district se 
lector with an idle recording mechanism has been 
adopted. The mechanism of this switch and its 
inter-relation with its controlling circuit is so 
Well known that it is sufficient to refer for a de 
scription of its operation to the prior art and 
particularly to any suitable text on the subject 
such as, for example, Smith and Campbell's "Au 
tomatic Telephony". Hence, it is herein simply 
referred to and shown diagrammatically in Fig.24 
Without further encumbering this specification 
With a description of its operation beyond that 
which is necessary for a disclosure of the prin 
ciples of our invention. Magnet 243 is a part of 
the Keith line switch structure and when it op 
erates, directs its plunger 2442 into the contact 
groove of its cooperating contact bank level, op 
posite to which contact groove the master switch 
shaft 24 has previously directed the plunger. 
The engagement of contacts 2444 closes a circuit 
from battery through the winding of holding 
magnet 24, lower contacts of relay 28 to 
ground on conductor 22. The operation of 
magnet 24 operates mechanism for holding the 
digit registers of the recording mechanism and 
closes a circuit from ground over plunger oper 
ated contacts 2462 for holding magnet 248, and 
causes the operation of relays 2459 and 245 and 
stepping magnet 245 of master switch 24 to 

s 

rotate shaft 2443 to position other plungers be 
fore contacts appertaining to another idle re 
corder. In position 3 a circuit is also closed from 
ground on conductor 22, winding of release 
magnet 2306 of timing switch 2310 and, in par 
allel therewith, through the back contacts of re 
lay 23, to the winding of release magnet 286 
of timing switch 200. Both switches 2ID and 
2 are of the rotary forward stroke construc 
tion, well known in the telephone art, except that 
they are modified by having their stepping pawls 
in engagement with their ratchet wheels to ad 
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relay 226 releases after the calling line has been vance their wipers only when their release mag- TS 
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nets are operated and that their wipers are re 
turned to normal only when these magnets are 
released and the stepping pawls are restored out 
of contact with the ratchet Wheels. With mag 
nets 2306 and 236 operated, both switches are 
in condition to respond to timing impulses which 
are transmitted subsequently, as more completely 
described hereinafter. 
With link sequence switch 600 in positions 234 

to 3, conditions are set up in the sender to iden 
tify the class of service to which the calling sub 
scriber is entitled. Subscribers, besides being di 
vided in groups of convenient sizes for the pur 
pose of identification as more completely de 
scribed hereinafter, are further grouped into 
Zones in accordance with the rate at which they 
are to be charged for calls into different zones of 
the exchange area. Different Zone groups of sub 
scribers are served by different groups of link cir 
cuits and the link circuits are provided with 
means for signaling the senders, the group to 
which the calling subscriber belongs. This is 
done by establishing one of two conditions to the 
tip side of a fundamental circuit leading to the 
sender, and one of two conditions on the ring 
side of the fundamental circuit, before the sender 
functions to make Selections. These conditions 
are either open circuit or direct ground, connect 
ed to brush 456 over cam 62, or open circuit or 
ground connected to brush 455 over cam 67. For 
the purpose of illustrating the principle and op 
eration of the invention it may be assumed that 
the service to which subscriber 2500 is entitled 
may be identified by an open circuit to brush 456 
and ground to brush 455 from whence the circuit 
may be traced over conductor 747, outer right 
back contact of relay 303, conductor 35, right 
winding of relay 407 and to battery. 
With Sequence switch 200 in position 3, when 

sequence switch 600 also reaches position 3, a cir 
cuit is closed from battery through the winding 
of relay 229 and the upper left contact of can 
2 and in parallel through the lower winding of 
relay 2525 and the lower right contact of cam 
2, thence over the lower left contact of cam 
2, conductor 245, brush 403, lower right and 
upper left contacts of cam 621, brush 453, con 
ductor 745, right back contact of relay 305, out 
er left contact of relay 1232, middle and left 
windings of relay 306 to ground. Relay 2525 is 
marginal and does not operate at this time. Re 
lay 229 operates, but is ineffective in this position 
of the selector sequence switch 200. 

Relay 306 also operates in this circuit, in turn 
Operating relay 234 which closes a circuit from 
battery through resistance 304, winding of re 
ay i233 to ground at the right front contact of 
relay 234. Relay 233 locks to ground at its 
inner left contact and connects ground to con 
ductor 1238 which carries off-normal ground to 
all parts of the Sender circuit. It also operates 
relay 303 which removes battery from conductor 
6 to remove the idle condition, and connects 

ground to conductors 37, 38 and 39. It also 
completes a circuit over conductor 238 through 
the winding of relay f30 to battery at the left 
back contact of relay 23, which prepares for the 
subsequent release of the sender. In addition, it 
completes a circuit over the back contact of re 
lay 90?, through the winding of relay 902 to bat 
tery, operating relay 902 in preparation for the 
reception of the first digit. 
The removal of battery from conductor 746 re 

leases relay 424, which closes a circuit from 
battery through the winding of sequence Sw1tch 
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magnet 00, upper right contact of cam 63, back 
contact of relay 424 to ground over the lower left 
and upper right contacts of cam 68. Sequence 
switch DO is advanced to position 5 in this cir 
cuit. In position 5 the sender and district selector 
are connected together over the following circuits: 
conductor 24 of the district selector is connected 
to conductor 43 of the sender over brush 40, 
upper contacts of cam 608 to brush 45; con 
ductor 244 is connected to conductor 744 over 
brush 402, upper contacts of cam 609 and brush 
452; conductor 247 is connected to conductor T4 
over brush 405, left contacts of cam 67 and brush 

sts; conductor 248 is connected to conductor 74 
Over brush 406, left contacts of cam 32 and brush 
56. The circuit connecting conductor 245 with 

conductor 45 extends, in position 5, from brush 
403, left contacts of cam 627, upper winding of 
relay 424, upper back contact of relay 420, upper 
contacts of cam 62 to brush 453. Relay 424 does 
not Operate, but the circuit is maintained in 
preparation for the advance of the link circuit. 
No circuits are closed over either conductor 246 
or conductor 46 at this time. 
AS SOOn as Sequence switches 200 and 600 reach 

position 3 the dialing circuit is closed, which may 
be traced from battery through the lower winding 
of relay 24, over conductor 744 through the link 
circuit to conductor 244, lower winding of relay 
2368, conductor 2309, left contacts of cam 202: 
winding of relay 23, lowermost back contact of 
relay 2525, brush 252, through the subscriber's 
substation and dial (not shown), back to line 
finder brush 25, bottom inner contact of relay 
2525, left contacts of cam 20 t, conductor 230, 
upper winding of relay 2368, conductor 23i, con 
ductor 23, through the link circuit to conductor 
53, resistance 29 to ground at the outer back 

contact of relay 23. Relays 24 and 2368 oper 
ate in this circuit, the latter to perform functions 
to be described hereinafter. Relay 24 closes a 
circuit from battery through the winding of relay 

6, front contact of relay - 24 to ground at the 
inner back contact of relay 23. Relay ) í 8, án 
operating, connects ground through resistance 
to the winding of relay 3 which also operates, 
in turn operating relays di and 5. Rith relay 

5 operated, a circuit is closed from ground over 
the inner front contact of relay is, upper wind 
ing of relay 724 through condienser 73, right back 
contact of relay 829, outer left front contact of 
relay 902 to the source of diai tone. A tone is 
thereby induced in the primary winding of relay 
23 fron whence it extends to the subscriber's 

line to inform inim that he may proceed to dia). 
in the meanwhile the operation of reiay 2368 

closes a circuit from ground on the pack contacts 
of the No. 6 contact sei oi relay 233, front coin 
tacts of relay 2368, Winding of slow-release relay 
2365, to battery. Relay 23.65 operates and jocks 
in a circuit extending over its ieft inner contacts, 
No. 9 contacts of relay 2303, to ground on con 
ductor 23 ž. 

It will be noted that relay 8368 is in series with 
relay 2 and both are in series with the sub 
scriber’s line. Hence both relays "will respond to 
dial operations. In this description i Will con 
sider, first the circuit reactions in the sender fol 
lowing the responsiveness of relay 24 to dial im 
pulses and subsequently I will describe the reac 
tions following the responsiveness of relay 2368. 
When the subscriber operates his dial for the 

first digit, relay 724 releases momentarily as each 
pulse is received. Relay 6 releases each time 
that relay 724 releases, but is not as quick to 
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operate as relay 724 so that it may or may not 

O 

O 

rooperate each time that relay 2 does. Relays 
and T4, on the other hand, are definitely slow 

to release so that they do not release during the 
possible short openings of their circuits and 
relays T3, T4 and T is remain operated during 
entervals between digits. When relay 

closes its back contact in response to the first 
pulse, it connects ground over the uppe front 
contact of relay Ti4, inner left front contact of 
relay 284, over the upper back contacts of relays 
i.e, IB, TD, and T2 to the winding of relay of the primary register T and battery. 

Relay TO operates, locks through the winding of 
relay T2, front contact of relay, lower back 
contact of relay T4, conductor T, back contact 
of relay T20 to ground at the outer upper front 
contact of relay Ti S. The release of relay 
closes a circuit from battery through resistance 

, winding of relay Tid, inner back contact of 
relay T B to ground at the outer upper contact of 
relay T. Relay Tid is slow to release to that it 
remains operated even though relay may 
momentarily break its operating path. At the 
end of the first impulse relay T24 reoperates and 
relay T2 operates and locks in the circuit of 
relay TI. The operation of relay closes a 
circuit from ground, over the lower front con 
tact of relay TI2 to conductor T. With relay 

operated a circuit is completed over the inner 
left contact of relay 914 through the right wind 
ing of relay D4 of the first secondary register 900 
to battery operating that relay. 
When the next pulse is received, the circuit 

controlled by relay T24 extends, as above traced 
to the armature of relay T2 and over the front 
contact of that relay to the winding of relay 9. 
Relay TIs locks through the winding of relay, 
front contact of relay 73, back contact of relay 

, to conductor 73. Relay 70 does not operate 
until the end of the pulse at which time it opens 
the locking circuit of relays 7 and 72, which 
release, in turn releasing relay 04. It also con 
nects ground to conductor 732 and over the outer 
right contact of relay 92, to the right winding 
of relay is and battery operating that register 
relay. 

third pulse causes the operation of relays 
Ts and TB in turn and relay 70 grounds cont 
ductor reoperating relay 904. Relays and 

lock in parallel with relays 7 and which 
remain operated so that relay also remain 
operated. The fourth pulse operates relays TOT 
and T which open the locking circuits of relays 

to TI, releasing relays 904 and 90s. Relay 
also connects ground to conductor and 

over the middle left contact of relay 92, to the 
right winding of relay and battery, 
At the fifth pulse, the circuit controlled by 

relay T24 extends over the front contact of re 
lay to the winding of relay 70 and battery. 
Relay TO operates locking through the winding 
of relay TD, front contact of relay 9, back 
contact of relay TO4 to conductor St. At the 
end of the pulse, relay operates opening the 
locking circuit of relays 77 and T thereby rer 
leasing relay III. It also closes a circuit from 
ground over its inner lower front contact, upper 
back contact of relay T12 to conductor 4, over 
the middle right contact of relay 92 to the right 
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contact to conductor 78. Therefore, the lock 
ing circuit of relays 7 and 72 is independent 
of the remaining counting relays. Relay 
does not operate at this time being shunted by 
the operating circuit of relay . 
At the sixth pulse, the circuit controlled by re 

lay 724 extends over the front contact of relay 
Ti, the back contacts of relays 7, 74 and T2 
to the winding of relay 7. This relay locks 
through the winding of relay 72, as before, 
grounding conductor 3. The seventh pulse op 
erates relays 8 and D4, releasing relays 7 
and TD2 and grounding conductor 2 in the 
same manner as the second pulse. Relay 
also opens the locking circuit of relays 9 and 
TD and these relays release permitting relay 72 
to operate in the locking circuit of relay . 
With relay 2 operated, a new circuit is closed 
for relay II over the front contact of relay 12 
and the back contact of relay D so that relay 

is held operated. 
The eighth pulse causes the operation of relays 

T5 and B in the same manner as the third 
pulse. Relays and remain operated and 
conductors 2 and 8 are grounded causing the 
operation of relays 4 and 95. The ninth 
pulse causes the operation of relays D and 78, 
releasing relays 8 to TDE as well as relays OO4 
and 5 and operating relay 9DS instead. 
The tenth pulse reoperates relays 709 and 

releasing relays O, TDE and 906. With relay 
72 operated, the operation of relay Tie opens 
the circuit for relay 90 and closes instead a 
circuit from ground over the inner lower front 
contact of relay (), lower front contact of re 
lay 12, conductor 785, inner right contact of 
relay 902 to the right winding of relay 93 and 
battery. 
When the last pulse of the digit has been re 

ceived, relays 8 and remain operated for 
a considerable length of time. The circuit of 
relay is thereby opened and a circuit is closed 
from battery through the winding of relay T2D, 
normal contacts of relay to ground at the 
front contact of relay. S. Relay T2 closes a 
holding circuit for itself under the control of re 
lay it. It also connects ground from the front 
contact of relay S, over the front contact of 
relay T20, outer left back contacts of relays 2, 

2, and 22, back contact of relay 030, outer 
left back contacts of relays f2, 922 and 92 to 
the winding of relay and thence over the 
left front contact and the left windings of the 
operated relays of secondary register 900 to bat 
tery. This provides a locking circuit for the reg 
ister relays as well as an operating circuit for 
relay 9. It may be noticed, however, that the 
locking circuit of relay D4 is only closed when 
either relay 90s or 90 is also operated. This 
prevents the registration of a false preliminary 
pulse since a single pulse can not lock up the first 
register. The operation of relay 72 also releases 
any of the relays of primary register TOD which 
were operated. 

Relay 9 in operating locks over its outer left 
contact to grounded conductor 8. It also 
opens the circuit of relay 902, disconnecting the 
relays of secondary register 900 from primary 
register 70. In addition it extends ground from 
conductor if over its inner left contact, the winding of relay 97 and battery. In addition it back contact of relay 9 to the winding of relay 

closes a circuit from grounded conductor 8, al 
ternate contact of relay 7, lower back contact 
of relay T12, winding of relay Tff to battery. Re 

92 to prepare register 9. 
Assuming that the called subscriber's number 

is Halifax 3678 which requires the code 4-2-5 to 
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and the next operation of the dial brings about 
the registration of the second digit on register 
90. When the last pulse has been received, the 
register relays lock in series with relay 9 í l which, 
in turn, operates and locks to conductor 37, 
opens the circuit of relay 92 and connects ground 
from conductor 37. over the inner front con 
tact of relay and the back contact of relay 
92 to the winding of relay 922 to prepare for . 
recording the 3d digit on register 920. 

Following the registration of the office code the 
numerical digits are recorded, the thousands 
digit on register 000, the hundreds digit on reg 
ister of , the tens digit on register 020 and the 
units digit on register ff00. If the call is one 
that is to be completed at a manual office where 
station digits are employed, this digit will be 
recorded on register . . Following the regis 
tration of the thousands digit, the operation of 
relay 00 extends conductor 3 over its inner 
left contact to the windings of relays - í 0 2 and 
080 in parallel. Relay foo supplies locking 

ground for registers 00, 20 and O. Sta 
tion register to obtains locking ground through 
relay Of. The operating circuit for the cut-in 
relay 2 of the station register extends over the 
lower contacts of can f to the back contact of 
relay liff and the front contact of relay O. 
The operation of relay 9, following the regis 

tration of the first digit, closes a circuit from 
battery through the winding of sequence switch 
magnet 760, lower right contact of can 702, 
conductor 728, left back contacts of relays 505 
and 504, conductor: 509, outer right back con 
tact of relay 82, left back contact of relay 30, 
Outer left front contact of relay 234, conductor 
29, inner left front contact of relay 90 to 
ground at conductor 3 fl. Sequence switch 700 
advances to position 2 in this circuit connecting 
ground over the lower left contact of cam 708 
and the lower right contact of cam f. f6 to con 
ductor 28 as long as the switch remains out 
of position 1. At this time a circuit is also closed 
over the lower right and upper left contacts of 
cam 24, Winding of relay 1226, right back con 
tact of relay 22 to ground, operating relay 226 
to prepare for the closing of the fundamental 
circuit. 
In the meanwhile relay 2368, in series with 

relay 24, has been simultaneously following the 
dial pulses. On the first pulse a circuit is closed 
from ground on the back contacts of the No. 6 
contact set of relay 2803, back contacts of relay 
2868, right inner contacts of relay 2365, contacts 
closed by plunger 2442, winding of relay 240, 
brush and the first cooperating terminal of arc 
243 of rotary switch 2450, winding of the first 
digit stepping switch magnet 240 f, to battery. 
Relay 240 operates and, in turn, closes an obvi 
ous circuit for rotary switch magnet 2422. 
Switch 24.50, however, is of the back-stroke mov 
ing type so that, so long as its magnet 2422 re 
mains operated, brush 243 remains on the first 
terminal. Stepping switch 240, on the other 
hand, is of the forward-stroke type, that is, ad 
vances its brush assembly on the operation of 
the magnet so that, with the Operation of magnet 
240, brushes 245 and 246 of said switch are 
advanced one step. At the end of the pulse, re 
lay 2368 reoperates and opens the circuit of relay 
2410 and switch magnet 240 l. The magnet re 
leases, but relay 240, being slow-release, holds 
its operated position between pulse intervals. 
Each succeeding pulse of the first digit, there 
fore, alternately closes and opens the circuit of 
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relay 28, and in response thereto, the first 
digit register switch magnet 240 advances its 
brushes 245 and 24 is one step for each pulse. 
These brushes are retained in their. advanced 
position by virtue of the operated condition of 
magnet 24ff. When all the pulses of the first 
digit have been received and recorded relay 2368 
reoperates and remains on its front contact for 
a longer period than it does between pulse in 
tervals. Relay 20 now releases, in turn re 
leasing switch magnet 2422. On the release 
stroke of said magnet, brush 243 f is advanced 
One step, connecting said brush with the second 
terminal of the associated contact bank, and ex 
tending thereby the circuit path through relay 
240 to the winding of the second digit register 
magnet 2402. 
On the first pulse of. the second digit, the re 

lease of relay 2368 closes the previously described 
circuit through the winding of relay 240 but 
now completed through the winding of magnet 
2402 to battery, causing both the relay and the 
magnet to operate. The former causes the oper 
ation of magnet 2422 while the latter operates 
and advances switch brushes 247 and 248 one 
step over the terminals of their corresponding 
and respective arcs. Magnet 2402 now steps with 
each pulse and advances the switch brushes 247 
and 248 a corresponding number of steps so 
that, when all the pulses of the second digit are 
raceived, these brushes will have been positioned 
on terminals on their respective arcs correspond 
ing to the numerical designation of the digit. At 
the end of the digit, relay 240 releases, in turn, 
releasing magnet 2422 and advancing brush 243 
to the third terminal of its arc, thereby connect 
ing the winding of relay 240 to the winding of 
tnurd digit register magnet 2403. 
The impulses of the third digit now cause the 

setting of brushes 249 and 2420 of switch 2403 
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upon terminals corresponding to the numerical 
designation of this digit. 
The first pulse of the fourth or thousands digit 

extends the pulsing circuit through the winding 
of fourth digit magnet 2404 and the pulses of 
this digit cause the setting of brushes 2429 and 
2430 on terminals corresponding to the numeri 
cal designation of the fourth digit. The pulses 
of the fifth or hundreds digit are recorded on 
arcs Cooperating with brushes 242 and 2428 of 
fifth digit switch 24.05. The pulses of the sixth 
or tens digit are recorded on the terminals of the 
arcs cooperating with brushes 2425 and 2426 of 
the sixth digit switch 2406. The pulses of the 
seventh or units digit are recorded on the ter 
minals of the arcs Cooperating with brushes 2423 
and 2424 of the seventh digit switch 2407 and, 
if there is a party station's digit, the pulses of said 
digit are recorded On the terminals of arcs co 
operating with brushes 242 and 2422 of the 
eighth digit switch 2408. 
When all the digits are thus registered in the 

call recorder, relay 2368 reoperates, thereby open 
ing the circuit of relay 240 and the station's 
digit switch magnet 2408. Relay 240 releases, in 
turn, releasing magnet 2422 and causing brush 
243 to advance to the next terminal. On reach 
ing this terminal, a self-interrupting circuit is 
closed from the grounded spare terminals on the 
arc cooperating with brush 243, interrupter con 
tacts of magnet 2422, winding of magnet 2422, 
resistance 2432 to battery. Magnet 2422 oper 
ates in this circuit and advances brush 243 over 
the grounded spare terminals until it again. 
reaches the terminal of first digit magnet 240 
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at which time said self-interrupting circuit will 
have been opened and the recorder is ready to 
perform further functions as completely-de 
scribed hereinafter. 

Returning, now, to the operation of the sender, 
when the office code digits have been registered 
as indicated by the operation of relay 2f, a cir 
cuit is closed from battery through the winding 
of relay 72 f, inner left front contact of relay 92 
to grounded conductor 37. Relay 72 is oper 
ated and initiates the operation of the decoder 
connector, which is schematically shown in Fig. 
21, by completing a circuit from battery over the 
lower right and upper left contacts of can 724, 
conductor 839, right back contact of relay 83, 
leftback contact of relay 836, lower back con 
tact of relay 23, inner lower back contact of 
relay 72 to conductor 930. Battery on this con 
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ductor is supplied to the windings of relay 200 
individual to this sender in the decoder connector. 
The decoder connector comprises a complete 

circuit as shown in Fig. 21 to Fig. 24, inclusive, 
of the Raymond-Scully patent above mentioned. 
It is a connecting medium for connecting to 
gether, at the proper time, a sender and a de 
coder. It comprises a plurality of channels, each 
accommodating a group of senders, the size of 
said group being determined by traffic conditions, 
Accessibility, by a sender to its connecting chan 
nel as a means of establishing connection With a 
decoder is accomplished through a multi-contact 
relay having an appropriate number of contacts, 
while the connection of a decoder to any chan 
nel is likewise accomplished through a multi 
contact relay; with this difference, however, that 
while a sender can Connect With a decoder 
through one channel only and is therefore pro 
vided with a multi-contact relay only in that 
channel, the decoder must have accessibility to 
the senders in every channel. It is, therefore, 
provided with a connecting multi-contact relay 
in every channel. The circuits for operating the 
decoderconnector are arranged so as to prevent 
interference between senders simultaneously 
seeking a decoder and to make each decoder a 
first choice in certain channels. Since the con 
nector channel comprises no part of the inven 
tion and is simply a connecting medium between 
the sender and the decoder, it is not thought nec 
essary to encumber this specification with a com 
plete description of its further arrangement and 
Operation but reference is made to said Raymond 
Scully patent for a complete description. Suffice 
it to say that the operation of relay 233 results 
in the operation of the multi-contact relay 204 
which connects the appropriate sender conduc 
tors to the channel wires and further results in 
the selection of an idle decoder through the op 
eration of its multi-contact relay 20 on the 
same channel, all in accordance to the manner 
described in the above mentioned patent to Ray 
mond-Scully. f : 

The decoder itself is a device for translating 
the dialed office code into the proper electrical 
equivalent which, when transmitted to the send 
er, can be utilized by it to set the train of selec 
tors into the proper and respective positions for 
reaching the desired line. This translating de 
vice may be of any character and may be located 
anywhere. That is, it may be an independent 
entity, as it is for the type of sender herein used, 
or it may be an integral part of the sender where 
the number of codes to be translated does not 
justify the use of an independent translator. 
However, for the purpose of illustrating the pres 

shown in Fig. 21. 
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ent embodiment of the invention a sender was 
chosen which is capable of recording a large 
number of codes and hence requires a corre 
sponding number of translations. For this pur 
pose a separate translator or decoder. is used, is 
such as the One disclosed in the said Raymond 
Scully patent and shown in Figs. 25 to 34, inclu 
sive, therein. At the proper time, that is, when 
a code has been dialed into the sender and that 
Code is to be translated for the selection of a 
trunk extending in the wanted direction, the 
decoder is connected to the sender through the 
medium of the sender connector as above ind 
cated. 

Briefly the specific embodiment of the decoder 
disclosed in the above mentioned patent com 
prises a set of receiving registers for recording 
the registered code received from the sender, a 
set of decoding relays selectively operated in ac 
Cordance with the setting of the receiving regis 
ters, a group of route relays, one of which is 
operated for each call as determined by the 
translation of the dialed code through the selec 
tive operation of the decoding relays, and a set 
of outgoing registers electrically interconnected 
with all of the route relays for transmitting back 
into the sender the "translation' determined by 
the operation of the route relay corresponding to 
the Code. . 
The decoder, or any translating device, is not 

a part of the invention and the various registers 
mentioned above therefore are but schematically 

The specification will be lim 
ited in describing the operation of such parts of 
the decoder as are necessary to a complete un 
derstanding of the invention, referring again to 
the above Raymond-Scully patent for a more 
complete and detailed description thereof. 
As soon as relays 20 and 204 are operated, 

the receiving registers in the decoder are ready 
to receive from the sender a record of the wanted 
code as registered on the operated relays of regis 
ters 900, 90 and 920. Since the office code of the 
wanted number is 4-2-5, relays 906, 95 and 
92 will have been operated in each of the above 
registers, respectively. The following paths, 
therefore, will be closed: from ground, right front 
contact of relay 906, conductor 936, through the 
decoder connector to a completing circuit in the 
receiving registers to record the digit 4; from 
ground at the right front contact of relay 95, 
-conductor 945 through the decoder connector to 
another completing circuit in the receiving regis 
ter to record the second digit 2; from ground at 
the right outer front contact of relay 927, con 
ductor 957, through the decoder connector to 
another completing circuit in the receiving regis 
ter of the decoder to record the third digit 5. 

It will be remembered that relay 407 was op 
erated from the link circuit to identify the class. 
of Service to which the calling line 2500 is en 
titled. Relay 40 locks in a circuit from bat 
tery over the lower contacts of cam 724, con 
ductor T29 through the left winding of relay 
407 to grounded conductor f 238. Relay 401 
also closes a circuit from ground over its right 
front contact, conductor 967, through the decoder 
connector to another completing circuit in the 
decoder for recording the class of service to 
which the subscriber is entitled. 
Now in accordance with the operations de 

scribed for the recoder in the above mentioned 
Raymond-Scully patent, after the code and class 
of Service records have been set up in the ap 
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cuits are closed thereby through the decoding re 
lays to decode this registration and results in 
the operation of a route relay corresponding to 
the code. For the purposes of illustration it will 
be assumed that this route relay is relay 3205. 
As already indicated, the contacts of all the route 
relays are cross-connected through a terminal 
rack to the appropriate windings of a group óf 
outgoing registers which, in accordance with the 
particular route relay operated, operate in dif 
ferent combinations for grounding conductors 
which connect with the selection registers of the 
sender, shown in Figs. 18 and 19. These registers 
are 800, 80, 820, 1900, 1910 and 1920. The 
relays in each selection register are operated in 
the appropriate combination called for by the 
combination of outgoing registers responding to 
route relay 3205, and each of the selection reg 
isters records the equivalent of electrical informa 
tion which is later utilized by the sender to guide 
and position the train of selectors for establish 
ing the talking connection between the calling 
subscriber's line and the called subscriber's line. 
Since the manner in which these registers are 
operated is no part of this invention and may be 
easily obtained from the above mentioned Ray 
mond-Scully patent, it will be assumed for pur 
poses of future operations that the following re 
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lays are operated in each selection register by the 
outgoing registers in the decoder which responded 
to route relay 205. 

Selection register Relays operated 

ll)------------------- 1812. 
1901, 1902. 

10-------- 1912, 1914. 
120-------- 1924, 1925. 

1310, 1321--local zone. 

It will be observed that three of the operated 
relays of the selection register, namely relays 
30 and 32 are, for convenience, located in 

different figures of the drawings. Relays 20, 
2, 23, 322 and 504 are also parts of the 

selection register and located in a different figure 
likewise for reasons of convenience but are not 
operated in the combination required for the 
proper disposition of the call under consideration, 
that is, the call to the office whose code is 425. 
When all of the registers are operated and the 

decoder has made appropriate tests to determine 
that only the proper registers have responded to 
the circuits closed by the outgoing registers, a 
circuit is closed from ground in the decoder, con 
ductor 958, upper winding of relay 722, to bat 
tery. Relay 122 operates and closes a locking 
circuit for itself from battery over its inner lower 
front contact and lower winding to grounded Con 
ductor 238. Relay 722 also connects relay 723 to 
battery in parallel with its lower winding. Relay 
T23, at its upper contact, prepares the funda 
mental circuit for making selections and, at its 
lower contact, connects ground to conductor 37 
to provide a locking circuit for stations delay 
relays 20 and 2, talking selections relays 
30 and 32, two-wire office relay 322, class 
register relay 80, 802 and 803 and the com 
pensating resistance register relays 92 to 925, 
all of which comprise parts of the Sender selec 
tion registers. In addition, this ground extends 
over the left contacts of cam 04 in positions 
2 to 3 of sequence switch 700 to form the locking 
circuit for the district brush register relays 18Í l 
to 8f3, the district group register relays 90 
and 9 O and the zone relays 1504 and 505, 

1. 
while said ground further extends over the lower 
contacts of cam 704 in positions 2 to 7 of se 
quence switch 700 to form the locking circuit 
for the office brush register relays 82 to 823, 
office group register relays is to 94 and the 
skip office relay 23. 
In addition, relay 23 disconnects battery from 

the start conductor 930, the effect of which is to 
release Sender connector relay 200 in the decoder 
connector. This relay, in turn, releases multi 
contact relays 20 and 204 thereby completely 
disconnecting the sender from the decoder, while 
other circuits are responsive in the decoder, as de 
scribed in the Raymond-Scully patent, to restore 
the decoder to normal. 

Recapitulating the operations in the sender as a 
result of its connection with the decoder and 
assuming the connection to be extended to a panel 
type office in the local zone, the following relays 
have been Operated in the selection register as a 
result of the code translation by the decoder; 
relay 924 to indicate that a short trunk needs 
considerable compensating resistance in the re 
vertive pulse loop for positioning the various se 
lectors; relay. 925 to indicate that marginal 
trunk guard relay 34 is to be used; no relays 
of class register 800 have been operated and by 
circuits controlled through their back contacts 
indicate a full mechanical type call; relay 82 
indicating that the third district brush is to be se 
lected; relays 322 and 30 indicating that the 
district Selector is to be advanced to the second 
talking position, that is, that the call is to be 
completed in the local area; relays 90 and 902 
to indicate the selection of the fourth group of 
office selectors; no relays of the office brush reg 
ister 1820 being operated to indicate the selection 
of the first or zero brush; relays 92 and 94 to 
indicate the selection of the eighth group of trunks 
outgoing from the office selector; and relays 20 
and 2 to indicate that the call is to an office 
employing neither stations digits nor five-digit 
numbers. - 

When relay 723 operates to release the decoder, 
the fundamental circuit is completed for making 
districtbrush Selection. The circuit for this purpose 
may be traced as follows: From battery through 
the upper winding of relay 225, upper right con 
tact of can 2fO, lower right contact of cam 23, 
conductor 248, through the link circuit to con 
ductor 748, upper front contact of relay 23, lower 
contacts of cam fl22, winding of relay 300, back 
contact of relay - 220, inner left contact of relay 
226, right winding of relay 225, resistance 230, 

left back contact of relay 506, conductor f 5f 4, 
upper right contact of cam 09, lower left con 
tact of relay 708 to ground. Relay 225 operates 
in this circuit locking over its inner upper front 
contact and the lower left contact of can 2 to 
the fundamental circuit, as traced. Relay 223 
closes a circuit from battery through the winding 
of sequence switch magnet 206, upper right con 
tact of cam. 224, lower front contact of relay 22, 
lower back contact of relay 226, upper right con 
tact of cam 209 to ground, advancing sequence 
Switch 200 to position. 4. In this position the 
Operating circuit of relay 225 is opened but the 
relay remains operated in its locking circuit. 
also closes a circuit from battery through the 
Winding of up-drive magnet 2358 of district 
selector 2350, upper contacts of can 25, iower 
front contact of relay 225 to ground as above . 
traced. Magnet 2354 causes the district, selector 
to move upward in a brush selecting movement. 
In this movement it closes a circuit from ground 
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12 
over the lower contacts of cam 22, brush 2358, 
commutator strip 2362, lower contacts of can 23, 
to the fundamental circuit, closing a substitute 
locking circuit for relay 225 and shunting relay 
300. This circuit is closed each time that brush 

2358 encounters a conducting segment of the 
commutator strip and is opened each time that it 
passes over an insulating segment. 

Relay 300 also operates in the fundamental 
circuit, but the direction of current flow is such 
that relay 225 does not. The operation of relay 
300 closes a circuit from ground over the left 

contacts of cam 708, conductor 320, front con 
tact of relay 300, conductor 30, left contacts 
of can 707, conductor 735, upper right contact 
of cam 20, lower right contact of cam 9, 
left back contact of relay 83, outer left front 
contact of relay 1812, conductor 1842, back con 
tact of relay 26, winding of relay 25, inner 
lower front contact of relay 22, to battery. Re 
lay 25 operates in this circuit and locks through 
the winding of relay 26, front contact of relay 25, 
outer, left contact of relay 226, upper right con 
tact of cam 709, lower left contact of cam 08 
to ground. Relay 26 can not operate because its 
winding is shunted by the operating circuit of 
relay 25. When commutator brush 2358 makes 
contact with the first conducting segment of strip 
2862, closing the shunt around the winding of 
relay 30, that relay releases permitting relay 26 
to operate. When brush 2358 reaches an insulat 
ing segment, relay 300 reoperates and the circuit 
closed over its contact is extended over the front 
contact of relay 26, back contact of relay 28, 
winding of relay 27 to battery. Relay f27 
operates and locks through the winding of relay 
28, back contact of relay 228, lower left and 
upper right contacts of cam 705 to ground, but 
relay 28 does not operate until brush 2358 
reaches the next conducting segment. When 
brush 2358 leaves this segment, relay 300 re 
operates and the circuit is extended over the front 
contact of relay 28, lower left and upper right 
contacts of cam 73 to the winding of relay 29 
and battery. When brush 2358 reaches the third 
conducting segment, shunting relay 300 for the 
third time, relays 220 and 229 operate in the 
locking circuit of relay 29. 
The operation of relay 220 opens the funda 

mental circuit, releasing both relays 300 and 225. 
The release of Irelay 225 opens the circuit of mag 
net 2354 and brings the selector to rest in posi 
tion to select the third set of brushes. It also 
closes a circuit from battery through the wind 
ing of sequence switch magnet 200, lower contacts 
of cam 29, lower back contact of relay 225, back 
contact of relay 226, upper right contact of cam 
2 to ground, advancing sequence switch 200 to 
position 5. In this position a circuit is closed 
from battery through the winding of trip mag 
net 256, upper right contact of cam 24 to 
ground, rotating the trip rod to trip the selected 
set of brushes when the selector next moves up 
ward. Another circuit is closed in parallel with 
trip magnet 256 by way of the right back con 
tact of relay 2304, winding of relay 2305 to bat 
tery. Relay 205 operates to perform functions 
hereinafter described. 
Concurrently with the preparation of the district 

selector for making group selections, which is the 
selection subsequent to the operation? of trip mag 
net 2856,other circuits are closed to signal the char 
acter of call which is being set up to the call re 
corder. At this junction it is thought advisable to 
mention the fact that the preservation of the con 
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nection of the call recorder to the district selector 
on a signal from the sender that the call is to be 
extended within the local rate area is entirely a 
function of whether or not the operating con 
pany desires to handle the charging of local calls 
purely on a subscriber meter basis, and to time 
and preserve a record of only such calls as are 
extended beyond the local area, or whether it 
desires to time and record all calls to be charged 
regardless of whether they are local or toll. The 
invention is entirely flexible for accommodation 
With a variety of telephone commercial and 
billing practices and any type of apparatus or 
telephone systems. In some cases, for instance, 
and as already indicated, the operating company 
may desire to make a record of toll calls only. In 
other cases, in addition to the toll record, a record 
of the charges for local calls may also be thought 
desirable, with this difference, however, that 
while the calls made and the time of each call are 
properly correlated to the calling line from which 
they are made, no record is preserved of the 
called line number. And yet there are other prac 
tices where the operating company desires the 
usual record of the billing details of a toll con 
nection but also complete details of local con 
nections for verifying the identity of calls in case 
of disputes. The invention is easily adaptable to 
each of these three representative practices as 
Well as to others and the slight modifications in 
the apparatus or circuits which may be required 
to effect its adaptation to any system or com 
mercial practice may be easily discerned from the 
typical means herein disclosed for accomplishing 
such modifications. 

If, now, it is assumed that the operating com 
pany desires to obtain its record of local calls 
from the operation of a subscriber's meter and 
desires no permanent record of such calls, or of 
calls made from flat rate subscribers or for "free' 
calls generally, then there is no further necessity 
of holding the district call recorder or the record 
of the called line therein. Further, if it is as 
sumed that the operating company desires to 
preserve a record of all charged calls whether 
local or toll, then whether the call recorder is 
held connected to the district or not depends 
upon whether, in the case of local calls, the op 
erating company desires to make a record of the 
destination of the call and the time of the con 
nection without making any further use of the 
called line number in the subsequent use of that 
record in the preparation of the record for print 
ing the monthly bill. It is evident that where 
local calls and calls charged for on a local rate 
basis are billed in bulk to the subscriber, a preser 
vation of the complete record of calls would be 
desirable should a dispute arise about the ac 
curacy of the total local charges. If, therefore, 
on local calls, and calls charged for on a local 
rate basis, the operating company desires no 
record of the destination of the call, the call 

O 

s 

25 

30 

35 

50 

55 

recorder is dismissed; if, on the other hand, a 
record of the destination of the call is to be made, 
regardless of the type of call, the recorder is held. 
Consequently, in the first case, when the sender 
through the operation of relays 30 and 322 in 
the Selection register, recognizes the call as one 
to be completed in the local area, a dismiss signal 
is transmitted from the sender to the call 
recorder by the completion of a circuit from 
ground on the right outer contact of relay 30, 
right front contact of relay f822, right contact 
of relay 226, left contacts of cam 74, back 

70 

contact of relay 23, conductor 747 and bank is 
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terminal connected thereto, brush 45, through 
the link circuit as already described, brush 40s, 
and terminal cooperating therewith, conductor 
24.7, contacts of relay 2305, bottom inner contacts 
and winding of relay 20 to ground. The hold 
ing winding of this relay is now shunted and said 
relay is caused to release. The ground closure 
from the sender to the lower winding of relay 
230 and the consequent release of this relay is 
the signal transmitted to the recorder that the 
call is completed within the local rate Zone. 
Under such circumstances, therefore, there is no 
further necessity to hold the recorder so that, 
with the release of relay 230, the circuit of 
magnet 24 f is opened, opening the circuit of 
plunger holding magnet 246 and releasing the 
call recorder from the district selector. Holding 
magnet 24, due to its mechanical relationship 
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to the pawls of the separate digit recording 
switches, also causes the return to normal of all 
the brushes of said switches. The recording cir 
cuit is now normal and ready for seizure by any 
other district selector allotted for service. 

In the second case where the operating Com 
pany desires to preserve a record of the called line 
office and number for local calls as well as for 
calls beyond the local area, the discriminating 
signal described above is not transmitted, relay 
230 is not released and the recording circuit is 
held. Where the number of "free' calls is Small 
in proportion to all other calls which have to be 
recorded, the separation of a district selector 
from a call recorder and their connection to 
gether through the medium of a connecting 
switch when needed, may not be economical. In 
such an event, it is entirely possible to incorpo 
rate the recorder as a part of the district selector 
and to omit the connecting medium, like the 
Keith line switch, for example. In any event, 
the gist of this feature of the invention is a call 
recording circuit which may be made either in 
tegral with or separated from the district selec 
tor according to the commercial practices of the 
operating company. For the purpose of illustrat 
ing the operation of the invention, it will be as 
sumed that the call Halifax 3678 while not a 
local call, is to be charged for on a five cent local 
base rate, say ten cents for the initial conversa 
tion period of five minutes and five cents for each 
additional five minutes or fraction thereof. Also, 
that while no record of the called line number or 
date of the call is to appear in the monthly bill, 
nevertheless a record of the complete telephonic 
transaction is to be made on the primary tape. 

It is also evident without any further amplif 
cation or description that in the case as assumed 
wherein the call recorder is to be held, the dis 
missing signal to the call recorder as above de 
scribed could be eliminated either by removing 
the ground closure through the talking Selection 
relays 3 0 and 1322 or by changing the transla 
tion of the code in the decoder so that the opera 
tion of the route relay 3205 in response to the 
called code in the local area will result in the 
operation of relay 30 and the non-operation of 
relay 322 or the non-operation of either or by 
any other suitable means which avoids the signal 
and yet does not change the remainder of the 
selection register settings for the proper position 
ing of the various selectors in extending the call 
ing line to the called line. 
The necessary details of the call which have 

to be recorded on the primary tape, under the 
above aSSumption are: 

1. A record of the calling line number. 

el 3 
2. A record of the called line number, 
3. The time of conversation. 
4. The date. 
Under the circumstances of the above assump 

tion, therefore, and in accordance with the circuit 
and apparatus structure used to disclose the 
preferred embodiment of the invention, the 
translation of the code by the decoder results in 
the non-Operation of either one or both talking 
selection relays 30 and f322 and the ground 
closure described above as having been trans 
mitted from the sender to dismiss the call 
recorder is not available. Hence, relay 230 is 
not released and the call recorder is not dis 
missed. Nothing further happens to the record 
ing or timing apparatus until the called sub 
scriber answers. The rest of the connection be 
yond district brush selection is set up as follows: 
When relay 229 operates as previously de 

Scribed it closes a circuit from battery through 
the winding of relay f228, lower contacts of cam 
7, right back contact of relay 1235, front con 

tact of relay 229 to ground. Relay 228 pcks 
Over its inner right contact to ground over the 
lower left and upper right contacts of cam 705. 
Relay 228 also closes an obvious circuit for re 
lay 1227. When relays 1228 and 1227 both op 
erate, the circuit of relay 226 is opened and that 
relay releases. The operation of relay 228 opens 
the locking circuit for the odd numbered counting 
relays, while the release of relay 226, opens the 
locking circuit for the even numbered counting 
relays including relays 219, 1220 and 229. The 
release of relay 1229 closes the circuit from 
ground over its back contact, outer right front 
contact of relay 228, upper left contact of cam 
f70, winding of sequence switch magnet (TOO to 
battery, advancing sequence switch 700 to posi 
tion 3. As soon as sequence switch 700 leaves 
position 2, the locking circuit of relay f 228 is 
opened and that relay releases. When relay 228 
recloses its back contact, relay 226 reoperates 
Over the back contact of relay 228, upper left 
contact of cam f. f6 and the lower left contact 
of can 708 to ground. 
The release of relay 220, the reoperation of 

relay 226 and the advance of sequence switch 
TOO reclose the fundamental circuit. Relays 225 
and 300 again operate, relay 225 locking as be 
fore and advancing sequence switch 200 to posi 
tion 6 in which position the up-drive magnet 
2354 is again operated under the control of relay 
225 and an intermittent circuit prepared from 
ground as above traced over brush 2359, commu 
tator strip 2363, lower contacts of cam 20 to 
the winding of relay 225 and in shunt of the wind 
ing of relay f300. As the district selector moves 
upward in its group selecting operation, this cir 
cuit is intermittently closed, releasing relay 300 
in the manner above described. With sequence 
switch T00 in position 3, the counting relay cir 
cuit extends from ground Over the contact of 
relay 300 to conductor 735 as above traced and 
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thence over the upper. left contact of cam 79, 
right front contact of relay l901, right front con 
tact of relay 902, conductor 843, back contact 
of relay 24, winding of relay 23 to battery. 
The counting relays function to count four clo 

- Sures of the intermittent circuit and then the op 
eration of relay 220 opens the fundamental cir 
cuit. Relay 225 releases bringing the district se 
lector to rest with the brushes engaging the first 
trunk in the fourth group. It also advancesse 
quence switch 200 to position 7 in the manner 
above described. 
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14. 
With sequence switch' 2 in position 7, relay 

225 is reoperated in the circuit which may be 
traced from battery through the lower winding 
of relay 225, upper left contact of cam 220, right 
contact of cam 222, lower contacts of cam 2, 
front contact of relay. 229, lower left contact of 
can 24, to ground. Relay 225 advances sequence 
switch 200 out of position 7 and into position 8. 
When sequence switch 200 reaches position 7%, 
the testing circuit from the first outgoing trunk 
is closed over the sleeve of that trunk, sleeve 
brush 2353 of the district selector, lower contacts 
of cam 22, inner upper front contact and wind 
ing of relay 225 to battery. Therefore, if the 
first outgoing trunk is busy, as indicated by 
ground connected to its sleeve terminal, relay 225 
is held operated. Another holding circuit is closed 
over the outer upper front contact of relay 225, 
and the right contacts of can 20, to the sleeve 
brush. If relay 225 remains operated in position 
8, up-drive magnet 2354 is again operated and 
the selector moves upward in search of an idle 
trunk. Relay 225 is held operated between trunks 
in a circuit through its lower winding, upper left 
and lower right contacts of can 220, centering 
commutator strip 286, brush 235, left contacts 
of cam 25, lower front contact of relay, 225, back 
contact of relay 226, upper right contact of cam 
209 to ground. 
When an idle trunk is found and the brushes 

of the selector are properly centered, relay 225 
releases, advancing sequence switch 200 to posi 
tion 9. In position 9 relay 225 is operated 
through its lower winding, upper right and lower 
left contacts of cam 27, front contact of relay 
229, lower left contact of can 24, to ground. Re 
lay 225 advances sequence switch 200 to position 
10 where relay 225 is held operated under the 
control of relay 229. In this position the tip of 
the fundamental circuit is extended from con 
ductor 248, upper back contact of relay 23, lower 
contacts of cam 204 to brush 235 and thence to 
the tip conductor of the office selector, and the 
ring of the fundamental circuit is extended from 
conductor 247, over the lower right and upper left 
contacts of can 205 and brush 2352 to the ring - 
conductor of the office selector. At the ofice se 
lector, the tip and ring conductors extend to bat 
tery and ground respectively. 
In the sender, the operation of relays 220 and 
229 performs the same function as above de 

scribed, advancing sequence switch floo to posi 
tion 4. With sequence switch 700 in position 4, 
a circuit is closed from battery through the wind 
ing of relay 602, upper right and lower left con 
tacts of cam flo to grounded conductor 39. Re 
lay f602, in operating with neither relay f S04 nor 
relay 505 operated, closes a circuit from battery 
through resistance sO3, inner left front contact 
of relay 602, inner left back contact of relay 
504, right back contact of relay f605, right wind 

ing of relay 1506 to ground. With relay 1506 op 
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erated, the circuit for testing the office selector 
is closed. This circuit extends from the Office 
selector over the fundamental circuit to conductor 
748, upper front contact of relay 723, left back 
contact of relay 804, through resistance 725, 
lower left and upper right contacts of cam f. O3, 
conductor 731, right front contact of relay 506, 
conductor 50, right front contact of relay 925, 
winding of relay 34, back contact of relay f 220, 
inner left contact of relay 226, right winding of 
relay 225, left contacts of cam 77, back con 
tact of relay 92, through resistances f 927 and 
1926, back contact of relay 922, upper right and 
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lower left contacts of cam T4, back contact of 
relay 2 to conductor 74 and thence to the 
office selector. If the circuit is properly com 
pleted at that point, relay 4 operates but re 
lay 225 does not. The presence of resistance 
25 in the circuit also prevents the premature 

operation of the control relay of the office selec 
tor. Relay 34 closes an obvious circuit for 
relay 37 which locks to ground over conductor 

34 and the lower right contact of can f70. 
Relay 37 closes a circuit from ground at its left 
front contact, left contacts of can 706, through 
the winding of sequence switch magnet f OO ad 
vancing the switch to position. 5. As soon as the 
switch leaves position 4, the locking circuit of 
relay 30 is opened. The advance of the switch 
from position 4 also opens the testing circuit and, 
as soon as position 5 is reached, the fundamental 
circuit is closed from conductor 48 to the lower 
right contact of can 22, lower left contact of 
that cam, through the winding of relay 300 to 
the back contact of relay 220 and thence as 
traced for the testing circuit to the fundamental 
ring conductor T4T. 
The operations for making office selections are 

very much the same as those described for mak 
ing district selections. The counting relay cir 
cuit for making ofce brush selection may be 
traced from ground over the front contact of re 
lay 300 to conductor , upper right contact of 
cam 1120, upper right contact of cam 1119, back 
contact of relay f2., left back contact of relay 
822, right back contact of relay 82 to conductor 
840, lower left and upper right contacts of cam 
73 to the winding of relay 29 and battery. 

Therefore, a single revertive impulse from the 
office selector satisfies the recorded condition in 
the sender and the first office brush set is select 
ed. Relays 1220, i 229, 1223, 1227 and 1226 
operate as previously described to advance se 
quence switch f 700 to position 6 where of ice group 
selections are made. In this position the re 
operation of relay 226 awaits the release of re 
lay 22T which is slow to release. The funda 
mental circuit is the same as that for office brush 
selection but the counting relay circuit extends, 
in this case, over the upper contacts of cam T20, 
rightback contact of relay 9, outer left front 
contact of relay f 92 to conductor 842. Two 
revertive impulses therefore cause the operation 
of relays 25 to 28, inclusive. With relay 28 
operated the circuit now extends over the left 
contacts of can f3, right front contact of relay 
f 9 f , conductor 845 to the back contact of re 
lay 202, winding of relay 20 and battery. The 
following five revertive impulses cause the Oper 
ation of relays 20 to 20, inclusive, and the 
operation of relay 20 extends the counting oir 
cuit to the winding of relay 29 so that the eight 
revertive impulse causes the operation of relays 
220 and 29 resulting in the opening of the 
fundamental circuit and the advance of sequence 
switch floo to position 7 where a test is made of 
the trunk outgoing to the incoming selector lo 
cated at the wanted office. As in position 6, 
the fundamental circuit is not reclosed until re 
lay f 227 has released. 
As soon as sequence switch 70 leaves position 

3, the locking circuit for the relays of registers 
900 and 8 f is opened, and relays 90, 1902 
and 82 release. When sequence switch 700 
reaches position 7, a circuit is closed from bat 
tery over the inner left back contact of relay 
804, conductor 850, through the winding of 

relay f so, conductor 5 , upper contacts of 
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can 5, conductor T82 and thence over the in 
ner left front contact of relay 00 to grounded 
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conductor 3. Therefore, relay 50 can not 
operate until the thousands digit has been re 
corded as indicated by the operation of relay 0. 
Relay 50, in operating, connects the thousands 
register 900 to the district brush register 
which now becomes the incoming brush register. 
Relay 830 is now included in this register. Since 
the number of the called subscriber was as 
sumed to be 3678, relays 4 and 005 of register 
OOO will have been operated and a circuit will 

be closed from ground Over the middle right con 
tact of relay 004, outer right front contact of re 
lay 50, winding of relay 83 to battery. A 
second circuit is closed from conductor 32 
which is grounded by the operation of relay fool, 
inner right, contact of relay 095, middle right 
contact of relay 50, conductor 0, winding 
of relay 8 l I to battery. 

In position 7 of sequence switch f the trunk 
testing circuit extends as traced in position 4, 
except that the quantity of compensating re 
sistance inserted in the fundamental circuit is 
now controlled by relays 1923 and 1924 and the 
circuit, therefore, extends from the lower left 
contact of cam T4 to the lower left contact of 
cam 77 by way of the right front contact of 
relay 924, resistance 1926 and the right back 
contact of relay 923 so as to include only re 
sistance 926 instead of both resistances f$2. 
and 926. Relay 1602 and relay 506 are again 
operated in positions 6 and 7 to complete the 
testing circuit as previously traced. As before, 
the completion of the circuit at the distant selec 
tor permits the operation of relay 34, in turn 
operating relay 1307 which locks as long as se 
quence switch 700 is in position 7. It closes a 
circuit from ground over its outer left contact 
and the lower contacts of cam TO6, right back 
contact of relay 1804 to the winding of sequence 
switch 700 advancing the sequence switch from 
position 7 to position 8. The advance of sequence 
switch 700 opens the locking circuit of relay 307 
which releases. It also opens the locking cir 
cuit for the relays of registers B20 and 9 f. 
In position 8 incoming brush selection takes 

place in a manner similar to the previous selec 
tions, the fundamental circuit extending as for 
office selection, except that resistance 926 is in 
cluded alone as in the test circuit. The counting 
relay circuit for this selection extends from 
ground over the contact of relay 300 to con 
ductor 735, inner left back contact of relay 236, 

5 lower contacts of can fl9, left back contact of 
relay 83, left back contact of relay 2, right 
front contact of relay 3 f to conductor 84 and 
thence to the winding of relay 2 so that two 
revertive pulses are received and the second brush 
set of the incoming selector is chosen. 
The operation of relay 229 closes a circuit from 

ground over its front contact, right back contact 
of relay 235, lower left and upper right contacts 
of can 8, winding of sequence switch magnet 

00 to battery, advancing the sequence switch 
to position 9. 

In position 9 a circuit is closed from battery 
over the back contact of relay 804, conductor 
850, winding of relay .502, conductor 52, up 

per contacts of cam 72, conductor T42, inner 
left front contact of relay of, to ground at the 
front contact of relay 030. Incoming group 
selection is under the joint control of the 
thousands and hundreds registers, and therefore 
can be made only after the hundreds digit has 

15 
been recorded as indicated by the operation of 
relay O. With relay 502 operated, a circuit 
is closed from ground over the middle right front 
contact of relay 502, upper right contact of cam 
TO to the winding of sequence switch magnet 
00, advancing the sequence switch to position 10 

in preparation for making incoming group selec 
tion. Relay 502 also connects the hundreds 
register 100 with office brush register 1820 which 
now becomes the final brush register and, with re 
lay 90 of the district group, register 900 now 
becomes the incoming group register. Under the 
assumption made, relays Of 4 and of are oper 
ated. A circuit is closed from ground at the 
right contact of relay lO4, outer right front con 
tact of relay 1502, conductor 03 f, right winding 
of relay 82, to battery. Another circuit is 
closed from ground over the inner right contact 
of relay 07, inner right contact of relay 502, 
conductor 08, right winding of relay 90 to 
battery. Since relay 830 was operated, a cir 
cuit is closed from ground over the upper front 
contact of relay 22, conductor T50, outer left 
front contact of relay 50, right front contact 
of relay 830, right back contact of relay 83 to 
the winding of relay 902 and battery. 
With sequence switch 700 in position 10, the 

fundamental circuit is established for incoming 
group Selection and is the same as that for in 
coming brush selection. The counting relay cir 
cuit extends as for incoming brush selection to 
the lower left contact of cam 79, and thence 
over the upper left contact of cam (T 9, right 
front con act of relay l90, front contact of relay 
902, conductor 843, back contact of relay 24 

to the winding of relay 23 and battery. There 
fore, four revertive impulses are required to satis 
fy the sender and the fourth group of final selec 
tors is Selected. The incoming selector hunts 
for an idle final Selector in the usual manner and 
extends the fundamental circuit to it when found. 
The operation of relay 229 advances sequence 
Switch T 00 to position 11. When sequence switch 

00 leaves position 10, relay 50 releases in 
turn releasing the relays of register i 80. In 
this position, the fundamental tip is connected 
to the fundamental ring to dissipate any charge 
due to cable capacity which may have accumu 
lated thereon before starting final selection. The 
circuit extends for this purpose from conductor 
48 to the back contact of relay 804, through 

resistance T 25, left contacts of cam 703, resist 
ance 26, right back contact of relay 23 to 
conductor 747. Since relay 502 is operated, 
sequence switch 700 is immediately advanced to 
position 12 where the fundamental circuit is re 
closed for final brush selection. 
The counting relay circuit for final brush selec 

tion extends from ground over the lower left and 
upper right contacts of cam 798, conductor 730, 
front contact of relay 300, conductor 320, up 
per contacts of cam T07, conductor i 735, inner 
left back contact of relay 236, lower left and 
upper right contacts of can 9, front contact 
of relay 1821, back contact of relay 1822, conduc 
tor' 84 to the winding of relay 27 so that the 
Second brush Set of the final selector is taken for 
use. As before, the operation of relay 229 ad 
vances sequence switch 700 to position 13. The 
advance of the sequence switch releases relay 
502 and the relays of registers 820 and 1900. 
In position 13 a circuit is closed from battery 

Over the back contact of relay 894, conductor 
850, through the winding of relay 503, conduc 

tor 53, lower contacts of can 75, conductor 
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743, inner front contact of relay 02 to ground 

at the front contact of relay 030. Relay f 503 
connects the tens register 020 with the relays of 
register 90 which now becomes the final tens 
register. Since relays 025 and 027 were oper 
ated, circuits are closed fron ground over the 
right contact of relay O25, inner left contact of 
relay f 503, conductor 052, winding of relay 92 
to battery and from ground over the inner right 
contact of relay 02, outer right contact of relay 
503, conductor 054, winding of relay 94 to 

battery. Relay 503 also connects ground to the 
winding of magnet 700 advancing the sequence 
switch to position 14 in which position final tens 
selection is made. The counting relay circuit 
for final tens selection may be traced over the 
contact of relay 300 to conductor 735, inner 
left back contact of relay 236, lower left con 
tact of can T9, upper left contact of cam 720, 
back contact of relay 9, left front contact of 
relay 9 2, conductor 842, back contact of relay 
26, winding of relay 2f S to battery. Two 

revertive impulses operate relays 25 to 28 
when the circuit is extended Over the front Con 
tact of relay 28, left contacts of cam 3, 
front contact of relay 94 to conductor 845, 
back contact of relay 202, winding of relay 20 
to battery. Rive more impulses operate relays 
20 to 120 when the circuit is extended to relay 
29. Therefore, eight reversive impulses are 
necessary to satisfy the setting of the Sender. 
The operation of relay 229 advances sequence 
switch TOO to position 15, releasing relay 50 
and the relays of register 90. 
In position 15 a circuit is closed from battery 

over conductor 850 through the winding of relay 
60, conductor 1604, lower contacts of cam T.2, 
conductor 1744, inner right front contact of relay 

O to ground at the front contact of relay 030. 
Therefore, relay 60 can only operate after the 
units digit has been completely recorded. Relay 
60 connects the units register ff00 with the 

relays of registers 900, which now serves as the 
final units register. Since relays if 04, 05 and 

OT are operated, circuits are closed from ground 
over the right contact of relay ff04, inner left 
contact of relay 60, conductor 08, winding of 
relay 90 t to battery, from ground over the right 
contact of relay OS, outer left contact of relay. 
60, conductor 082, winding of relay 1902 to 

battery, and from ground over the Outer right 
front contact of relay foll, middle right contact 
of relay 60 i, conductor 1084, right winding of 
relay 1904 to battery. Relay 60 also closes a 
circuit from ground at its outer right contact 
over the upper right contact of cam 0, through 
the winding of sequence switch magnet 00 ad 
vancing the sequence switch to position 16 in 
which position the fundamental circuit is rees 
tablished for making final units selection. With 
relays 90 and 1902 operated the counting relay 
circuit extends over the left contacts of can 
19, front contact of relay 90, front contact 

of relay 902, conductor f43, back contact of 
relay 24, winding of relay 23 to battery. 
Three revertive impulses operate relays 23 to 
28 when the circuit is extended over the lower 

contacts of cam 3, front contact of relay 904 
to conductor 845 and the winding of relay 20. 
Five more revertive impulses result in the opera 
tion of relays 20 f to 20, inclusive while the 
ninth revertive impulse operates relays 29, 1220 
and 229. In this position of sequence switch 
1700, the operation of relay 1229 causes the op 
eration of relay 228 in turn operating relay 22 
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and releasing relay 22 to release the counting 
relays in the Inanner previously described. With 
relay 229 released, and relay 228 operated, 
sequence switch 700 is advanced to position 17, 
releasing relay 60 and the relays of register 
900. In position the fundamental circuit is 

reestablished for receiving reversed battery from 
the incoming selector as soon as relay 226 reop 
erates following the reclosure of the back contact 
of relay 22. 

After the wanted line has been found, the in 
coli:ing selector is advanced to a position in which 
rev: rsed battery is connected to the fundamental 
circuit. Therefore, relays 300 and 225 are both 
oporated. Relay 225, in operating, closes a cir 
cult rom ground at its contact over the left con 
tacts of can ill, through the left winding of 
relay 225 to battery holding the relay operated. 
It also closes a circuit Over the upper left and 
lower right contacts of cam 7, winding of re 
lay 235 to battery. With relay 235 operated, 
the operation of relay 300 closes a circuit from 
ground over its front contact to conductor 735 
as previously traced, inner left front contact of 
relay 235, winding of relay 219 to battery. Re 
lay 29 operates and locks as before described. 
A relay in the incoming selector also operates over 
the fundamental circuit and advances the incom 
ing selector to a position where the reversed bat 
tery is removed. Relay 300, therefore, releases, 
but relay 225 is locked holding relay 235 oper 
ated. The release of relay 300 removes the 
shunt from relays 220 and 229 and these re 
lays now operate. Relay 229 closes a circuit 
from ground over its front contact, right front 
contact of relay 235, winding of relay 23 to 
battery. Relay 23 operates, locking over its 
inner left contact to grounded conductor 238. 
Relay 23 opens the fundamental ring conduc 
tor at its right contact. Relay 229 also closes 
a circuit from ground at its front contact over 
the right front contact of relay 235, lower con 
tacts of can 2, right contacts of can 82 
through the winding of relay 232 to battery. 
Relay 232 in operating closes a circuit from bat 
tery through the winding of relay 228, right 
front contact of relay 232, upper right contact 
of can to ground. Relay 228 locks over 
can ?lots, operates relay 22, releases relays. 
1226, 29, 220 and 1229. When relay 229 re 
leases, it closes 3 circuit over its back contact, 
front contact of relay 22, can 70, to magnet 
700 advancing the sequence switch to position 

18. Relays 225 and 235 release. Relay 23 
remains locked and holds relay. 282 operated. 
Relay 228 also releases, reclosing the circuit of 
relay 226 over the upper left contact of cam 

6 to ground. 
The operation of relay 22 opens the shunt 

around the high resistance winding of relay 306, 
including this resistance in the circuit of relay 
229 at the district selector. Relay 229 cannot 
remain operated in series with this resistance 
and, therefore, releases, in turn releasing relay 
225 which advances sequence switch 200 from po 
sition 10 to position 11. With sequence switch 
200 in position 11, ground is connected to con 
ductor 245 over the lower right contact of cam 
24. This ground is connected to conductor 24s 
before relay 229 is disconnected therefrom and, 
therefore, reoperates that relay. If the calling 
subscriber still has the receiver of the switch 
hook, relay 23 is held operated in the dialing 
circuit previously traced and a second circuit is 
closed for relay 229 through resistance 239, front 
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contact of relay 28, upper left contact of can 
24 to ground in which it is held operated 
through position 17 of the sequence switch under 
the control of the calling subscriber. Sequence 
switch 20 is advanced from position 11 to posi 
tion 2 over the upper right contact of cam 224, 
right contacts of cam 2 and the lower contacts 
of cam 22. When sequence switch 20 leaves 
position 11, relay 22 is disconnected from con 
ductor 245. 

In the sender, the disconnection of battery 
from conductor 245, opens the circuit of relay 
306 which releases, in turn releasing relay 24. 
With relay 234 released a circuit is closed from 
ground over its outer right back contact, left con 
tact of relay 28, winding of relay 8, to bat 
tery. Relay (30 locks over its outer right front 
contact to conductor U. It also connects 
ground in shunt of battery through resistance 
304 so that relay 23 also releases. 
With relay 234 released, the circuit for mak 

ing talking selection is completed as follows: 
battery through the upper winding of relay 22, 
upper right contact of cam 20, lower right con 
tact of can 2, conductor. 2 through the link 
circuit to conductor 748, front contact of relay 
23, lower contacts of can 22, winding of relay 
30, back contacts of relay 22, front contact of 

relay 22B, right winding of relay 22, resistance 
280, inner right back contact of relay 24 to 
ground. Relay 30 closes a counting relay cir 
cuit from ground as previously traced to the up 
per right contact of cam 1720, lower left contact 
of that cam, back contact of relay 224, front 
contact of relay 3, front contact of relay 2, 
conductor 4, lower back contact of relay f28, 
winding of relay 27 to battery. Relay 22 in 
operating closes a circuit from battery through 
the winding of sequence switch magnet 200, up 
per right contact of cam 224, lower front contact 
of relay 22, upper left contact of cam 20 to 
ground. As sequence switch 20 advances out 
of position 12 through positions 12% and 13% 
ground is connected over the left contacts of cam 

and lower left contact of can 2D, lower right 
contact of cam 23, to conductor 24 in shunt of 
the winding of relay 300. Relay 300 releases 
twice, permitting relays 27, 28, 29, 220 
and 229 to operate. Relay 220 opens the hold 
ing circuit for relay 225 which now releases hold 
ing sequence switch 20 in position 14 in which a 
charge is made. 
When sequence switch 20 advances to position 

114 the dialing circuit is opened and in position 
11% the calling subscriber's talking circuit is 
completed from ground over the upper left wind 
ing of repeating coil 234, upper contacts of cam 
2, bottom inner contact of relay 2525, brush 
2S of the line finder 250, through the sub 
scriber’s substation back to brush 25 f 2, bottom 
outer contact of relay 2525, winding of relay 23 , 
lower contacts of can 22, lower left winding of 
repeating coil 282 to battery. The cuttings of 
cam 22 overlap sufficiently to prevent the re 
lease of relay 28. The opening of the dialing 
circuit releases relay 724 which in turn releases 
relays T1, T3, T4, and T. S. 
The operation of relay 22 closes a circuit 

from ground over the front contact of relay 229, 
back contact of relay 25, left contacts of can 
l, winding of relay 287 to battery. It also 
connects ground over the left back contact of re 
lay 284 and the left contacts of can T.23 to the 
winding of relay 28 to insure its operation. 
The release of relay 225 also connects ground over 

17 
the upper left contact of cam 209, lower back 
contact of relay 22, right contacts of cam 29, 
conductor 24, through the link, to conductor 747. 
The operation of relay 237 opens the circuit of 
relay , connects battery through the resist 
ance 32 over the outer left front contact of 
relay 28 and the inner right front contact of 
relay 305 to conductor 45. . 
The connection of battery to conductor 745 re 

verses the direction of current flow through the 
upper winding of relay 424 so that the relay now 
Operates, closing a circuit from ground over its 
lower front contact, lower contacts of cam 624, 
upper winding of relay 422 to battery. Relay 422 
locks in a circuit from battery through its upper 
winding and upper front contact to ground over 
the lower contacts of cam 625. Relay 422 closes 
a circuit from ground at the lower back contact 
of relay 420, inner lower front contact of relay 
22, right contacts of cam 23 to the winding of 

Sequence switch magnet BOD and battery, ad 
vancing sequence switch DD to position 6. In 
this position conductors 743, T44, 746, T47 and T4s 
are all disconnected from the corresponding con 
ductors of the district selector, the connection of 
conductor T45 being maintained until the se 
quence switch moves out of position 5A, at which 
time relay 424 releases. 

In position 6, the locking circuit of relay 422 
is held closed if the sender selector is within pre 
determined distance of the top of its terminal 
bank. This is determined by the use of commu 
tator segments 463 and 464. Segment 464 ex 
tends over the top ten terminals and segment 463 
extends over the next ten terminals, so that, ac 
cording as segment 463 alone or both 463 and 464 
are used, the locking circuit of relay 422 over the 
right contacts of cam 65 is held closed if the 
sender selector is engaging one of the top ten 
or one of the top twenty terminals. With relay 
422 held operated in position 6, the circuit is 
closed from battery through resistance 42, wind 
ing of relay 42), upper left and lower right con 
tacts of can (9, outer lower front contact of 
relay 422, lower left and upper right contacts of 
cam i? to ground. Relay 420 closes a circuit 
from battery through the winding of down-drive 
magnet 46, upper contacts of cam Bll, lower 
most front contact of relay 420 to ground. The 
sender selector is thereby driven to its lowermost 
position where a circuit is closed from ground 
over commutator segment 460, brushes 459 and 
458, commutator segment 46, lower contacts of 
cam 66, to resistance 42 in shunt of the winding 
of relay 420, releasing that relay and opening the 
circuit of the down-drive magnet 466, leaving the 
sender selector in its lowermost position ready 
to hunt for another Sender. As soon as brush 
458 leaves segments 464 and 463, relay 422 re 
leases. If the sender selector is engaging any 
set of terminals below the eightieth set, relay 422 
releases when sequence switch 600 leaves position 
5% and the sender selector remains in engage 
ment with the set of terminals last used. . . 
When relay 422 falls back, the magnet of se 

quence switch 600 is energized over the upper 
left contact of cam 63, lower back contact of 
relay 422, lower left and upper right contacts of 
cam to ground, advancing sequence switch 600 
to position 7. In this position, the link is ready 
to associate itself with another idle district. 
When a district is ready for association with a 
link circuit, its sequence switch is advanced to 
position 1 and a circuit is closed similar to that 
traceable from ground over the lower right con 
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tact of can 22, lower right contact of can 2, 
lower, left and upper right contacts of can ill, 
contact of jack 2), conductor 24, contact of 
jack B22, contact of jack 4, lower contacts of 
can BB, upper back contact of relay 24, lower 
left and upper right contacts of can if to the 
winding of relay 423 and battery. Relay 2 
closes a circuit from battery through the upper 
winding of relay 422 and also closes a circuit 
from battery through the middle winding of re 
lay 424, left contacts of cam 24, lower winding 
of relay 424, to ground at the front contact of 
relay 423. At the same time, a circuit is closed 
from ground at the iner upper front contact of 
relay 423, through the lower winding of relay 28, 
lower left and upper right contacts of can 2, 
upper winding of relay 424, back contact of relay 
420, upper left and lower right contacts of can 
B2B, contact of jack Bf4 to brush 404 to test for 
a district selector in the awaiting link condition. 
With relay 422 operated the circuit of up-drive 
magnet 43 of the district finder is closed over 
the lower left and upper right contacts of can 
623, inner lower front contact of relay 22, to 

is ground at the lower back contact of relay 20. In 

70 

T 

position 1 of the district selector sequence switch, 
battery through a predetermined resistance is 
connected to the terminal to which brush 404 has 
access over a circuit similar to that traceable 
from battery through resistance 24, lower left 
and upper right contacts of cam 2, contact 
of jack 230 and conductor 246. When the district 
finder reaches a set of terminals marked in this 
manner, relay 424 operates, releasing relay 422 
and thus opening the circuit of up-drive magnet 
4. 

If the district finder 400 reaches the top of its 
bank without finding a district ready for asso 
ciation with the link, a circuit is closed from 
ground over commutator strip 40, brushes 409 
and 408, commutator segment 4, lower left and 
upper right contacts of cam 00, winding of relay 
420, resistance 42 to battery. Relay 420 locks 
over its inner lower contact and the upper left 
and lower right contacts of can (25. It also opens 
the circuit of up-drive magnet 4 and closes a 
circuit from ground over its lowermost front 
contact, upper right and lower left contacts of 
cam 6, winding of down-drive magnet 4 to 
battery. The district finder is restored to normal 
in this circuit. Relay 420 also opens the testing 
circuit leading to brush 404 to prevent the false 
operation of relay 424. When the finder has 
reached normal, ground is connected over seg- " 
ments 40 and 4 and brushes 408 and 409, up 
per right and lower left contacts of cam to 
resistance 42, shunting and releasing relay 420 
which restores the testing circuit as well as the 
circuit of up-drive magnet 43 and the hunt 
continues. 
When a district is found in position 1, relay 

424 operates opening the circuit of relay 23 
which now releases, closing a circuit from bat 
tery, through sequence switch magnet 600, lower 
left contact of can 63, contact of jack BOT, 
lower back contact of relay 423, upper front 
contact of relay 424, lower contacts of cam Bl, 
contact of jack Gl, contact of jack 622 to ground 
over conductor 249. Sequence switch 600 is ad 
Vanced to position 8 in this circuit. In this 
position relay 424 remains locked under the con 
trol of battery from the district selector. In 
position 8 a circuit is closed from ground over the 
upper right and lower left contacts of cam Sle, 
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can BOB, brush 4, to the tip conductor of the 
district selector engaged by finder 40 whence 
the circuit is similar to that traceable over con 
ductor 24, upper left contact of cam 2 , upper 
right contact of can 2D, upper winding of re 
lay 22 to battery. This relay operates, locks 
over its inner upper front contact and the left 
contacts of cam 22 and advances sequence 
switch 2 to position 2. As the sequence switch 
leaves position 1, relay 225 releases and the se 
quence switch comes to rest in position 2. The 
advance from position 1 disconnects battery 
from conductor 24, thus permitting relay 424 to 
release and close a circuit from battery through 
sequence switch magnet D, upper right contact 
of cam S8, back contact of relay 424, lower left 
and upper right contacts of cam B to ground, 
advancing the sequence switch to position 9. The 
link remains in this position until the link next 
to it in the chain has been taken for use and ad 
vanced to position 2. Assuming that the link 
represented by cans to 8, inclusive is the 
next link, when this link reaches position 2, a cir 
cuit is closed from ground Over the left contacts 
of cam 35, right contacts of can S36, contact of 
jack BOT, left contacts of cam I, right contacts 
of cam is, to the winding of sequence switch 
magnet 0, advancing the sequence switch to 
position 10 which is the equivalent of position 1 
and making this link ready for use in connec 
tion with the next incoming call in this group 
of lines. 

Returning now to the sender, the disconnec 
tion by the link of the conductors extending to 
the district selector results in the release of relay 
80. With relay OS released, as well as the 
relay 4 as above described, a circuit is closed 
from battery through the winding of sequence 
switch magnet T0, lower right contact of can 
TO, lower contact of relay T4, back contact 

of relay 28, back contact of relay 3DS to 
ground. Sequence switch advances in this 
circuit to position 1 thereby disconnecting bat 
tery at can 24 from the various conductors 
associated therewith, and ground at cam ff 
from conductor 238, which in turn releases relay 
803. With sequence switch TOD in position 1, 
a circuit is closed for returning sequence switch 
2000 to position 1, it if should be of normal. 
The disconnection of ground from conductor 28 
releases relay 826 which controls the time meas 
ure switch, thereby closing a circuit from ground 
at its back contact, lower left contact of cam BOB, 
upper right contact of cam 80 f, left winding 
of relay 827 to battery. Relay 82 closes a circuit 
for advancing sequence switch 80 which is main 
tained until sequence switch 800 reaches posi 
tion 1 at which time relay 82 also releases and 
brings the time measure switch to rest, there 
by restoring all parts of the sender to normal. 

In the district selector when the sequence 
switch 200 comes to rest in the talking position 
selected, i. e., position 14, the outgoing end of 
the talking circuit is established from tip brush 
25, left contacts of cam 204, upper right 
winding of repeating coll 24, left contacts of cam 
203, winding of relay 23, lower right winding 
of repeating coll 24, left contacts of can 25 
to ring brush 2352. 

In the meantime the incoming selector con 
nects ringing current in the known manner to 
the called subscriber's line and, when that sub 
scriber responds by renoving his receiver from 
the hook, the current flow through relay 233 is 

upper front contact of relay 424, left contacts of reversed so that relay 233 operates, closing a cir 
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cult from ground over the lower right contact 
of can 209, front contact of relay 233, lower left 
and upper right contacts of cam 220, left contact 
of interrupter 285, the winding of relay 226 to 
battery. Relay 226 locks over its inner upper 
front contact, right contact of cam 222, lower 
left contact of cam 220 to ground under the con 
trol of relay 233. When interrupter 23 closes 
its right contact a circuit is closed from ground 
on this contact the outer lower front contact of 
relay 226, upper right and lower left contact of 
can 2, winding of relay 27 and battery. Re 
lay 237 operates and locks to ground through its 
bottom inner contacts, the upper left contact 
of cam 209 to ground. The operation of relay 
2ST is the signal to the district selector after the 
interval measured by interrupter 25 to allow for 
line disturbances, that the called subscriber has 
answered and indicates the instant from which 
the conversation period is to be measured. Con 
sequently after the operation of relay 23, a cir 
cuit is completed fron ground through the top 
middle contacts of relay 23, conductor 24, 
left outer contacts of relay 2365, winding of re 
lay 2304 to battery. Relay 230 operates and, 
through its left inner contacts, connects ground 
to conductor 2533 which extends to resistance 
2526 and sleeve brush 25 while through its 
right inner contacts it closes a circuit from 
ground through clock controlled interrupter 2369, 
right inner contacts of relay 2304, winding of 
magnet 237 of timing switch 2300 to battery. 
Timing switch 2300, as well as timing switch 
280, is of the positive stepping type similar to 
any of the register switches 240 to 2408, inclu 
sive, so that, with the closure of the interrupter 
2869 after the passage of the proper time inter 
val, the close of the above described circuit to 
magnet 237 will cause brushes 2372 and 275 
of switch 2 to advance one terminal on their 
respective contact arcs. 
Now interrupter contact 269 may be closed 

periodically at any suitable interval. In this dis 
closure, it is assumed that it closes once every 
minute. Since each of the contact arcs of switch 

I has eleven terminals, the rotation of brushes 
2872 and 2375 over one complete revolution meas 
vares a conversation period of ten minutes. 

However, telephone conversations may last 
more than ten minutes, especially those relating 
to local calls. It becomes necessary, therefore, to 
provide some recording mechanism which will 
record the passage of each ten minute interval of 
whatever may happen to be the maximum con 
versation period which has to be recorded. For 
this purpose, switch 23 is added. Its brushes, as 
more completely described hereinafter, advance 
one terminal for every complete revolution of the 
brushes of the minute switch 20. Since switch 
280, like switch 280, is provided with a terminal 
bank having ten Working terminals for each 
brush, it is possible thereby to record a conversa 
tion period of 100 minutes or one hour and 40 
minutes. When it is desirable to record conversa 
tion periods longer than this on the basis of one 
minute intervals other switches may be added to 
record the additional time. Or again, switches 
of larger terminal capacity may be used and the 
standard base interval reduced from one minute 
to 30 seconds. In the present embodiment of the 
invention, in order not to encumber the specifica 
tion and the illustrative figures with descriptions 
and disclosures which illustrate capacity of regis 
tration rather than the principle upon which 
registration is based, it has been assumed that, 

although the use of switch 20 permits record 
ing maximum conversation periods of One hour 
and 40 minutes, the maximum conversation period 
is limited to 30 minutes and that the base interval 
is one minute. Consequently when the brushes of 
switch 2300 have advanced to the 11th terminal, 
switch contacts 236 are closed and a circuit is 
competed from ground on said contacts, winding 
of relay 2366 to battery. Relay 2366 operates, locks 
over its bottom contacts to ground on the of nor- O 
mal contacts 208 of the minute Switch 200 and 
opens the circult of release magnet 26 of switch 
200 thereby permitting the return of brushes 
22 and 285 to the normal terminals on their 
respective arcs. Relay 2366, through its top inner is 
contacts, further completes a circuit to the wind 
ing of magnet 23 of the 10 minute switch 23 
which, in its mechanical structure, is identical 
with the minute switch 20. 
The operation of switch magnet 2377 causes 

brushes 2374 aliud 2373 to be advanced one ter 
ninal On their respective contact arcs to register, 
by such advance, an elapsed interval of ten mini 
utes of the conversation period. 

In the meanwhile the return to normal of the g 
minute switch 2300 caused the opening of the of 
normal contacts 2308 in consequence of which 
relay 2366 releases and, in turn, opens the circuit 
of magnet 237 and recloses the circuit of holding 
magnet 236 which, by its operation, permits the 0. 
brushes 272 and 2375 to advance once again 
along their respective arcs on the registration of 
the second ten minute interval or fraction thereof. 
With the 10 minute switch 230 registering a 

ten minute conversation period, and the minute as 
Switch 2300 normal during the succeeding one 
minute interval, the timing mechanism is ready 
to register another 10 minute interval or fraction 
thereof and further, at the proper time, another 
ten minute interval; the timing continuing until 
the conversation is terminated, every revolution of 
the minute switch 28 measuring a ten minute 
period and every step of 10 minute switch 23. 
recording a 10 minute interval. The total conver 
sation period, therefore, is measured by the num- ºg 
ber of terminals traversed by the brushes of switch 
2 representing so many ten minute intervals 
and the number of terminals to which the brushes 
of switch 2 has been advanced representing the 
number of minutes less than ten. 
At the end of the conversation, when the called 

subscriber restores his receiver to the switch 
hook, the current flow through relay 233 is re 
versed and the relay releases, in turn releasing 
relay 226. When the calling subscriber restores is 
his receiver, relay 2 releases in turn releasing 
relay 229. With relay 229 released, a circuit is 
closed from ground over interrupter 23, back 
contact of relay 229, lower left contact of cam 
28, lower right contact of can 2ff, lower wind 
ing of relay 225 to battery. Relay 22 operates 
and locks through its upper winding and inner 
front contact, conductor 24, to ground over the 
upper left and lower right contacts of can 2. 
Relay 225 further disconnects the tip and ring 
conductors of the calling line from the tip and 
ring brushes of the line finder district selector, 
but ground from the left contact of relay 23O4 is 
still connected through resistance 226 to brush 
253. Relay 2525 also connects ground through To 
its top Outer contacts, lower right contact of can 
2, upper left contact of cam 22, through the 
Winding of sequence switch magnet 2 to bat 
tery, advancing the sequence switch to position 
17. As the sequence switch passes through posi 
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the main group, since there are but five groups 

2O 
tions 15 to 17, the locking circuit of relay 28 is 
held closed through the left upper contact of can 
O). Consequently, a circuit is closed from bat 

tery through both windings in series of relay 2802, 
conductor. 23, bottom outer contacts of relay 
237, bottom contacts of can 2, conductor 23, 
brush 254 and associated terminal, back contacts 
of relay 250, winding of line identifying relay 
250 to ground. Relay 2302 operates in this cir 
cuit to perform functions hereinafter described, 
but relay 2503, being marginal, does not operate. 

Figs. 25 and 26 show the manner in which sub 
scribers' lines are divided into groups for pur 
poses of identification. 
gether, show ten lines of a main group of forty 
lines. Each line has an identifying relay, like 
relay 253, connected to the back contact of its 
associated line relay. Now in a line-finder frame 
of the panel type which normally accommodates 
400 lines, the lines of said frame can be divided 
into ten main groups of forty lines each when one 
recording machine is to be used for recording all 
calls made by the lines on one frame. Bow 
ever, it is possible that, due to the number of 
calls which may originate from so large a group, 
the use of one machine for the entire group may 
unduly add to the holding time of line-finder 
district selectors since each of said selectors is 
held in position 17 until the record of the call 
is made. Hence, in this embodiment of the inven 
tion, it has been assumed that one recording ma 
chine would be used for the lines of one-half of 
the frame or two hundred lines instead of for the 
whole frame or four hundred lines. Consequently, 
for purposes of identification, each group of two 
hundred lines is divided into five main groups of 
forty lines each instead of ten main groups, al 
though if one recording machine is sufficient for 
One frame or for a group of frames, other appro 
priate subdivisions readily suggest themselves. 
Each group is provided with an identifying 

relay, such as relay 27 for 28f 9. Since, accord 
ing to the assumption, there are five groups of 
40 lines each, there are 5 group identifying re 
lays for One half of the frame. Each of these 
group relays is electrically responsive to the op 
eration of each and every line-identifying relay 
within its own group so that the operation of a 
line-identifying relay and the resulting operation 
of the group identifying relay marks the sub 
scriber’s group and the numerical position of 
that line within the group. 
The forty lines of each group are next sub 

divided into four sub-groups of ten lines each, 
as for example, the subdivision schematically dis 
closed lith Figs. 25 and 26. The calling subscrib 
er's line, therefore, is identified by (1) the op 
eration of the group-identifying relay of the par 
ticular one of the five groups of forty lines to 
which it belongs, (2) by identifying the particu 
lar sub-group of tens of the four such sub-groups 
in each group of forty in which the line belongs 
and (3) of identifying its numerical position with 
in the sub-group itself. 
The entire identification is carried out by the 

use of code characters, as more completely de 
scribed hereinafter, there being a separate code 
character for each of the three identifying ele 
ments mentioned above. In order to identify 

to one half of the frame, use is made of three 
separate signaling conductors provided in con 
mon to all the group relays of one half of the 
frame. When these conductors are connected 
to ground either singly or in proper combination 

Both figures, taken to- . 
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through the operated group relay, the conductor 
Or conductors so grounded identifies the group 
associated with the operated group relay. These 
conductors are designated on Fig. 28: 288, 2BT, 
2, and they are grounded as follows to iden 
tify each one of the five main groups: 

Conductors grounded Main group 

818-------------------------------------------------- 
27-------------------------------------------------- 2 
2816-----. - 3 
2818-2817------------------------ 4. 
2818-2816------------------------ S S S S SSSS LS SS S SS S S S S S s 

The identification of the sub-group of ten sub 
scribers within the main group of 40 lines is car 
ried out on the same principle. There are four 
separate signaling conductors which, by the op 
eration of the line identifying relay, as described 
hereinafter, grounds one of said conductors to 
denote the particular sub-group in which the 
calling line is located. These conductors are des 
ignated in Fig. 28 as conductors 28 5, 28 4, 283, 
282. The combination which identifies each of 
the four sub-groups is as follows: 

Conductors grounded Sub-group 

The identification of the numerical position of 
the calling line within a sub-group is carried out 
by the use of four identifying conductors. These 
conductors are connected to the individual line 
identifying relays in a particular order so that 
the operation of an identifying relay grounds 
the signaling conductors connected thereto either 
singly or in a combination to identify the particu 
lar line in the sub-group. The order of ground 
ing is as follows: 

Number of the 
Conductors grounded line within the 

sub-group 

280----------------------------------------------- 1. 
2821----------------------------------------------- 2. 
2822----- 3 

4. 
5 
6 
7 
8 
9 
0 2822-2823------------------------------------------ 

It must not be supposed, however, that the 
specific arrangement of line grouping as outlined 
above limits the scope of this part of the inven 
tion to the preferred example herein described 
and disclosed. The example given above is chosen 
for illustration simply because it typifies the gist 
of this part of the invention, which is an ar 
rangement of apparatus and controlling circuits 
for transmitting to the recording machine, de 
scribed hereinafter, a group of signals for identi 
fying the calling line. The above described ar 
rangement of circuits and apparatus is necessarily 
dependent on the group arrangement of the lines, 
the character of the telephone system of which 
they form a part and the kind of the identify 
ing character to be transmitted. Therefore, while 
the subscriber identifying circuits shown in Figs. 
25 to 28 inclusive are merely typical and illus 
trative of one suited to a panel telephone system 
with a particular arrangement of lines, any identi 
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fying character and the means of transmitting 
the same which is adapted to the character of 
the telephone system to which the invention is 
applied and the type of recording machine used 
is to be understood as coming within the scope 
of the invention. 

Returning, now, to the operation of the circuit, 
it will be recalled that, as the district selector 
sequence switch 20 advanced from position 15 
to position 17, a circuit was completed between 
relay 232 of the district timing circuit and the 
identifying relay 250 of the calling line and that, 
due to the high resistance of the top winding of 
relay 282, relay 2508 did not operate but relay 
202 did operate, all as above described. The 
operation of relay 2302 closes a circuit extending 
from ground through its bottom outer contact, 
conductor. 2325, winding of relay 220 to battery 
and, in parallel therewith, back contact of relay 
22, winding of motor magnet 2202 to battery. 
Simultaneously, another circuit is closed from 
ground over the bottom inner contacts of relay 
232, conductor 2326, to the first arc contact 
with which brush 2204 cooperates to mark the 
district selector of Figs. 2 and 3 as one having 
a call to be registered in the recording mecha 
nism. 

Fig. 22 shows an allotter circuit whose func 
tion is to close through the appropriate circuits 
for connecting the district selector awaiting call 
registration in position 17 with the recording 
mechanism common to a line-finder frame, 
which mechanism is to record on a tape the nec- . 
essary items of information with regard to the 
call, as described hereinafter. Essentially the 
allotter comprises a switching mechanism pro 
vided with a suitable number of contact termi 
nals to which all the district selectors associated 
with one line-finder frame are connected. When 
relay 2302 is operated in response to the proper 
association of the district selector timing circuit 
with the identification relay 25 of the calling 
line, the particular selector switch of the allotter 
circuit is operated to select on its terminal arcs 
those terminals to which the district selector 
associated with the calling line is connected. 
Specifically, the allotter shown in Fig. 22 com 
prises a plurality of switches 220 to 2250, in 
clusive, instead of one switch, in order to reduce 
the time taken for switchbrushes to reach the 
contacts of the district to be identified. All the 
district selectors of the group available to one 
line-finder frame associated with one recording 
machine are divided for convenience into sub 
groups and the individual selectors of each of 
these sub-groups are terminated on the arc ter 
minals of a fast hunting sub-group switching 
mechanism. If, as in the specific case under ill 
lustration, the number of district selectors avail 
able to one line-finder frame is fifty, then the 
group of fifty is divided into five sub-groups of 
ten selectors each, switch 220 being associated 
with the first group and switch 225 being asso 
ciated with the fifth group. The starting and 
marking conductors of each selector in each sub 
group, as for instance conductors 2325 and 226, 
respectively, are connected simultaneously to the 
allotter switch of the particular sub-groupto 
which they belong. . 

Switch 226 in the allotter is a master switch 
which, at the proper time, causes the connection 
of the selector awaiting call registration in any 
allotter sub-group with the recording mecha 
nism. Assuming the district selector whose Oper 
ations are being described to belong in the first 

sub-group, then switch magnet 2202 is operated 
in preparation for advancing its brushes 2204 
and 2205. If the district selector is not con 
nected to the first terminals, then the switch 
magnet 2202 and relay 2203 operate as above 
described. Brushes 220 and 2205 are advanced 
to the next set of terminals, at which time mag 
net 2202 vill have reclosed its interrupter con 
tacts to reclose the magnet circuit above de 
scribed, causing said magnet to reoperate and 
advance the brushes to the next set of terminals. 
This operation continues until the brushes reach 
the respective terminals to which conductor 2326 
of the district selector is connected, whereupon 
a circuit is closed from ground through the bot 
tOm middle contacts of relay 2302, conductor 
226, brush 2204 and its associated terminal, 
winding of relay 220 to battery. Relay 220 op 
erates, opens the circuit of magnet 2202 thereby 
arresting its further advance and further pre 
pares a circuit from battery through the winding 
of relay 2383, inner contacts of relay 2302, con 
ductor 22, brush 2205 and its associated ter 
minal, front contact of relay 220, to the first 
terminal of the arc of master switch 2260 with 
which brush 2209 cooperates. In the meanwhile 
and at the time when relay 2203 operated, a cir 
cuit was closed from ground through its outer 
contacts, conductor 223, back contacts of relay 
222, interrupter contacts of magnet 22 of 
master switch 2260, winding of said magnet to 
battery. The switch magnet operates and ad 
vance brushes 2208 and 2209 step-by-step over 
their respective arcs. When brush 2208 reaches 
the first terminal, a circuit is closed from ground 
through the inner contacts of relay 2203, brush 
2208 and its associated terminal, winding of 
relay 222 to battery. Relay 222 operates, 
breaks its back contacts, prevents magnet 22 f 
from any further operations, and connects its 
front contact to brush 2209. When switch 22 O 
has advanced to where its brushes have estab 
lished contact with the waiting district selector 
and relay 22 operates as a result, the circuit 
through the winding of relay 2393 extended to 
brush 2209 as above described, is now completed 
through the front contacts of relay 222 to 
ground at the inner contact of relay 2203. 

Relay 203 operates, opens the locking circuit 
of relay 265 at its No. 9 contacts causing said 
relay, after an interval, to release, closes the 
circuit of relay 2409 over its No. 2 contacts, short 
circuits the top high resistance winding of relay 
232 over its No. 1 contacts and closes a holding 
circuit over its No. 7 contacts for magnet 24. 
The current now flowing through the circuit 
comprising the identifying relay 2503 and the 
botton low resistance winding of relay 2302 is 
such that relay 208 operates to perform func 
tions hereinafter described. Relay 2203 and 
other similar sub-group relays of the allotter are 
made slow to operate in Order to give the sub 
group switches 22-2250 an operating start 
before closing through the circuit to the master 
start switch magnet 22. In this manner there 
will be no possibility of falsely moving brushes 
2208 and 2209 of the terminals of the respective 
sub-groups before the sub-group switch has actu 
ally started operating. 

In the present embodiment of the invention, as 
already indicated, there is provided one regis 
tering mechanism for each group of 200 lines for 
registering the call history record of all calls 
Originated and successfully completed by the 
lines within the group, independent of the type 
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or character of the service to which each of said 
lines is entitled. That is, if it is assumed that 
the line-finder frame is of a known panel con 
struction and accommodates 400 lines, then one 
registering mechanism will take care of all the 
records for 200 lines of this frame while a similar 
mechanism is provided for the registration of 
calls for other groups of 200 lines. The register 
ing mechanism used herein is a tape punching 
device comprising a number of punch magnets 
and cooperating pay-out and take-up mecha 
nism for advancing, at the proper time, unper 
forated tape underneath the punching prongs of 
the several magnets. The important parts of the 
mechanism are schematically disclosed in Figs. 
27 to 30, inclusive. It comprises a group of punch 
magnets 3000 to 300 inclusive for recording, in 
code form, the calling subscriber's line-finder ter 
minal number that is, the group number identified 
by relay 2503; magnets 30 to 304 inclusive 
and magnets 2900 to 290 inclusive for record 
ing in code form the called office code; magnets 
2.908 to 299 inclusive and magnets 2825 to 2832 
inclusive for recording the called line number, 
also in code form; magnets 283 and 284 for 
recording whether the call is to be charged at the 
evening or night rate; magnets 285 to 2842, in 
clusive, for recording in code form the conver 
sation time, and magnets 2700 to 2D inclusive, 
the date in code form. For this purpose, there 
fore, a perforating machine is required which is 
capable of making sixty-four punches for regis 
tering by code all of the above information. Since 
the record is to be perforated in a single line 
across the tape, the width of said tape is approxi 
mately 8 inches, provided, as indicated in the 
several figures, with 64 separate punch positions, 
1 to 64 inclusive, The punch prongs are ar 
ranged in a die with a magnet for each punch, 
the magnets being associated with their respec 
tive punches by punching mechanism controlled 
through the operation of the magnet armature in 
the well known manner. The type of punch mag 
net contemplated in this invention is well illus 
trated by the one disclosed in Patent No. 1,851,838, 
granted to R. Hoover et al. on March 29, 1932. 

SO 

65 

70 

75 

As described hereinafter, any combination of 
magnets may be selected and, if operated, force 
their respective punches through the broad paper 
tape, perforating the same. In addition to the die 
and punches, the perforating machine is equipped 
with a tape pay-out reel 806, a take-up reel 305 
and a magnet 308 of the back stroke type for 
advancing the tape a step after each perforating 
operation, as more completely described herein 
after. The tape has a series of perforations 30 
at one of its edges somewhat similar to that of a 
moving picture film. The advancing mechanism 
engages these perforations by means of sprocket 
teeth 309 to insure the advance of the tape a 
definite distance for each step. 
Associated with each perforating machine is a 

multi-contact relay 22 by means of which the 
windings of forty of the sixty-four punch mag 
nets are connected to the timing switches 2300 
and 230 of the district selector and to the re 
corder registers of Fig. 24. The three punch 
magnets 3000, 300 t and 3002 are connected to the 
several contacts of the main group relays such as 
27 and 289 and eight punch magnets, 3003 to 
300 inclusive are permanently connected to the 
contacts of the line-finder terminal-indicating 
relays 2503-250T and 2600-2604-, and to the 
other indicating relays in the main groups. The 
remaining punch magnets 2833 and 2884 and 2700 

2,165,924 
to 270, inclusive, which are used to record the 
rate of charge and the date of the call, are con 
nected through the contacts of relay 2 to the 
contacts of the mechanically locking keys 24 to 
272, inclusive, which determine the date and 
the rate setting. These keys are common to the 
office and their contacts are, therefore, wired in 
multiple to the multi-contact relays associated 
with the punching machines of each of the line 
finder frames thereby requiring but one operation 
for setting the date and rate indications for the 
entire office. Further, these keys may be of any 
suitable type of construction, that is, they may 
be manually operated requiring re-setting at the 
required periods or they may be clock controlled 
and automatic without departing from the spirit 
of the invention. 

Before proceeding with the further operation 
of the system, it is desirable to describe briefly the 
code system adopted for recording all the in 
formation to be perforated on the primary tape. 
The various records which are required to be 

punched and the punch positions on the primary 
tape where the punch-mark registrations of said 
records are to made, follow: 

able 

N???ber O 
punches 

Punch posi 
tions 

To record the line-finder terminal.----- 
To record the called office code.---------. 
To record the called number------------ 
To record the night rate--------- - - ?? 
To record the evening rate-------------- 
To record the conversation time-------- 4??? 8 
To record the date of the call----- 54 to 

Total.--------------------------------------------- 84 

1 to 11, incl. 1. 
12 to 23, incl. 12 
24 ? 43, in? 20 

As already indicated, the record of each item is 
made by code, and the code characters for indicat 
ing the line-finder terminal number of the calling 
line has been described. The several combina 
tions of operated punch magnets for identifying 
the line-finder terminal number of the calling 
line is as follows: 

Table II.--Terminal number 

Group 
designa 
nation 

Punch 
positions Punch magnets operated 

8-10 
8 
9-10 
9-11 
10-11 

The còde character for each of the other sev 
eval items is based on the same code system of 
providing three or four signaling conductors 
grounded in appropriate combination, and each 
of which is connected to a separate punch mag 
net. In the case of the called office code, each 
of the code letters is the equivalent of one of 
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8,105,924 
ten possible digits. Consequently, the code of 
each separate letter is obtained by providing four 
conductors each connected to the windings of 
magnets of to 304, respectively, and ground 
ed separately or in the required combination for 
representing the digit or letter of the code. The 
several combinations of operated punch magnets 
for the first, or A digit of the called office code 
are as follows: 

Table III-A digit 

Punch magnets operated positions designated 

Oil--------------------------------------- 12 1 s 
802. 32, A, B, C, 
SO3---- 143, D,E,F, 

,ls 4, G, H, I ?---80k4 
301,3012 1- , ,R,L, 
301,3013---- 1-14 GM, N, O, 
301,3014---- 2-57, P, R,S 
3012,3013---- ?|???? 
3012,3014---- ??|??? 
8013,304---------------------------------- 14-15 0, Operator. 

The several combinations of operated punch 
magnets for the second or B code digit are the 
same as shown in Table III except that the punch 
magnets operated are 2900 to 2903 inclusive, and 
perforations are punched in the tape in punch 
positiors 16 to 19 inclusive. The combinations 
of operated punch magnets for the third or C 
code digit are the same as shown in Table 
except that the punch magnets operated are 
294 to 29, inclusive, and perforations are 
punched in the tape in punch positions 20 to S, 
inclusive. Similarly, the several combinations of 
operated punch magnets for the numerical dig 
its of the called line number are the same as 
shown in Table III, except that magnets 2 to 
29, inclusive, punch perforations in punch po 
sitions 24 to 27, inclusive, for recording the 
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thousands digits; magnets 292 to 295, inclu 
sive, punch perforations in punch positions 28 
to 31, inclusive, for recording the hundreds digit; 
magnets 296 to 299, inclusive, punch perfora 
tions in punch positions 32 to 35, inclusive, for 
recording the tens digit and magnets 282 to 
220, inclusive, punch perforation in punch po 
sitions 36 to 39, inclusive, for recording the units 
digit. 
The station's digit may comprise one of four 

letters, J., M., R or W. Each of these may be 
expressed in code characters made up of three 
conductors either singly or in combination to 
represent each of the letters. In the present 
embodiment of the invention, it was deemed 
simpler to represent each letter by a particular 
punch position on the tape so that the ground 
ing of one of four conductors and the consequent 
operation of the associated punch magnet des 
ignates the dialed party letter as follows: 

Table IV.-Party letter 

Punch magnet operated Punch positions Party letter 

2.-------------- 40 J. 
280 M. 

.R || 42 ?}{{2:3 
2832- 3 W. 

The night and evening rate designations are 
each signaled by a separate signaling conduc 
tor controlled through keys, suitably located at 
the same desk as the keys which control the 
date setting. 

Punch Digit or letter 

Table v-Rate desigmations 
Punch magnet operated Punch positions Rate 

------------------------------- 44 Night. 
284------------------------------- 45 Everg. 

The duration of the call is recorded in code 
form. The timing circuit of the district selec 
tor, as disclosed, is arranged to record conver 
sation time of One hour and 40 minutes and for 
this purpose tvvo groups of four signaling con 
ductors each are provided; the first group to 
record intervals of ten minutes or less which 
provides for a maximum registration of two 
hours of conversation time, and the second to 
record separate minute intervais, as follows: 

Table VI-Conversation time (2 hours) 
Punch magnets operated Punch positions Time 

10 minutes or less, . 
20 minutes. 
30 minutes. 
40 minutes. 
50 minutes. 
60 minutes. 
1 hr. 10 minutes. 
1 hr. 20 minutes. 
hr. 30 minutes. 

ihr. 40 minutes. 
1 hr. 50 minutes. 
2hrs. 

However, it will be remembered that it was 
assumed for purposes of illustration, that the 
Inaximum time to be registered would be limited 
to 30 minutes and in 10 minute intervals with 
the fractions thereof registered in minute inter 
vals. Hence, for the - registration of the three 
ten minute intervals, comprising the thirty min 
utes, only three magnets are necessary, punch 
ing, say, perforations in position 46, 47 and 48 
(and disconnecting the winding of magnet 283 
for punch position 49) as follows: 
Table VII.-Conversation time (30 minutes) 

Punch magnets operated Punch positions Time 

2835----------------------- 46 10 minutes or less. 
2836----------------------- 47 20 minutes or less 

but more than 10 
minutes. 

287----------------------- 48 30 minutes or less 
but more than 20 
nintes. 

The minutes elapsed time code on the basis of 
a 30 minute conversation period comprises four 
magnets operated singly or in Combination to 
indicate minute intervals of elapsed time, as foll 
loWs: 

Table VIII-Conversation time (minute 
intervals) 

Tine (up to Punch positions 10 ) Punch magnets operated 

Mines 
50 
51 
52 
53 

-5 
50-52 
50-53 
S-52 
5-53 
52-53 
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The date of the call requires three separate 

code characters, one for the month and two for 
the day. Since provision is required for twelve 
separate code designations, one for each month 
of the year, each of these designations is obtained 
through four separate conductors and associated 
punch magnets, singly or in combination for 
each of the required characters, as follows: 

Table IX.-Date-month 

Month Punch magnets operated Punch positions 

54 January. 
55 February. 
56 March. 
57 Anril. 

54-55 May. 
54-56 June. 

- 54-57 July. 
55-56 August. 
55-57 September. 
56-57 October. 

54-55-56 November. 
54-56-57 December. 

The designation of the day of the month is 
divided in two parts, a tens and units part. 
Since there are but three possible ten day groups 
to the month, each of the three groups may be 
characterized by a separate conductor and as 
sociated magnet, as follows: 
Table X-Date-tens digit of day designation 

Punch magnet operated Punch positions Tens digit 

S SS SS SS S SSSS SS SS SS SSSSS S SMS qSqqSS S SSS 58 -10 270---------- 59 -20 

21-31 2706.------------------------------ 60 

The units digit comprises eleven possible char 
acters, one for each of the eleven digits, as fol 
loWS: 
Table XI.-Date-units digit of day designation 

Punch positions Units digit Punch magnet operated 

6 
62 

6 I-64 

Returning now to the operation of the circuit, 
it will be assumed that the following conditions 
exist with respect to the record of the call to be 
printed when multi-contact relay 272 operates: 

2,165,924 
conductors 28 6, 287 and 288 and that the 
individual indicating relay 2503 associated with 
the calling subscriber's line indicates the proper 
tens and units in that group. As shown in Fig. 
27, relay 27 f has its indicating contact con 
nected to conductor 288, so that when relay 27 ff 
Operates, a circuit is closed from ground on its 
left contact, conductor 288, winding of punch 
magnet 3000 to battery. Magnet 3000 operates 
and punches a hole in the No. 1 punch position 
of the tape, indicating, according to the three 
conductor codes described above, that the call 
ing line is to be found in the first main group. 
When relay 27 operates, it further closes an 
obvious circuit to the winding of multi-contact 
relay, 272 associated with the punch machine 
serving the 200 lines in which the line of the 
Call to be registered belongs. Relay 27 op 
erates and cuts through to the punch machine 
the called office code-signaling conductors, the 
called line number-signaling conductors and the 
elapsed time-signaling conductors. It further 
closes an obvious circuit for multi-contact relay 
23 which, on operating, choses through the 
date, night and evening rate signaling conduc 
tors. Relay 23 further closes a circuit from 
ground on its No. 12 contact set, conductor 2743, 
winding of advance magnet 378 to battery. The 
magnet Operates and causes the pawl to advance 
into the next notch of ratchet wheel 307, of the 
take-up roll 305. The magnet remains in this 
position with the pawl engaged, keeping the take 
up roll stationary until the magnet releases, as 
more particularly described hereinafter, 
The tens designation indication is controlled 

through four conductors which, according to the 
adopted code, furnish four Separate indications. 
The calling line is assumed to be in the first tens 
group. Consequently, the outer contact of relay 
2503 is connected to conductor 285. Hence, 
When relay 2503 operates as above described, a 
circuit is closed from ground on conductor 2535, 
outer contact of relay 2503, conductor 285, wind 
ing of punch magnet 3003 to battery. Magnet 
3003 operates and causes a hole to be punched 
on the No. 4 punch position of the tape indicat 
ing thereby that the calling line terminal is in 
the first tens group of the first group of forty 
lines. 
The units digit of the calling line terminal is 
and according to the code, conductors 2820 and 

2824 are to be grounded. Consequently when 
relay 2503 operates, the following circuits are 
closed: (1) ground on conductor 2535, next to 
the outer contact of relay 2503, conductor 2823, 
Winding of punch magnet 3007 to battery. Mag 

Subs. line Called office Caled Duration 
terminal code No, Rate of call Date || — 

Minutes l17--------- Halifax 425 - 3678 Evening 

It will be recalled that the present embodiment 
of the invention assumes the use of one punch 
ing machine for half of a line-finder frame 
which, in turn, is of the Well known panel type 
accommodating 400 subscribers, In such an 
event the 200 lines on one half of the frame are 
divided into five groups of forty lines each, as 
already described, wherein relay 2 indicates 
one of the five groups by the proper connection 

S of its left inner contact to the group indicating 

Rate of charge 

15 July 17 15 cents for 5 minutes, 5 cents for each 2 
minutes or fraction thereof. 

net 300 operates and causes a hole to be punched 
in the No. 8 punch position of the tape; (2) 
ground on conductor 2535; next to the inner con 
tact of relay 2503, conductor 2520, winding of 
punch magnet 300 to battery. Magnet 300 op 
erates and causes a hole to be punched in the 
No. 11 punch position of the tape. Thus, holes 
punched in positions Nos. 8 and 11 indicate the 
Seventh digit of the calling line line-finder ter 
minal. 
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Summing up the code punchings for the line 

terminal designation: 

Group 1. Tens Units 

8, 11 Tape punching position 1----------------------- 4 

All the holes punched on the tape of the call 
being illustrated are shown as small circles in 
mediately above the punch position number. 
The called subscriber's number was assumed 

to be Halifax 3678, wherein the first three digits 
dialed for Halifax correspond to the numerical 
code 425 of the ordinary telephone impulse dial. 
Consequently, when the subscriber dialed 425, 
the brushes 245 and 246 of the 'A' digit switch 
240 were set on terminal 4 of the cooperating 
arcs in response to the reception of four impulses 
for the first digit, brushes 247 and 24 8 of the 
'B' digit switch 2402 were set on terminal 2 of 
the cooperating arcs in response to the recep 
tion of two impulses for the second digit, and 
brushes 249 and 2420 of the 'C' digit switch 
203 were set on terminal 5 of the cooperating 
arcs in response to the reception of five impulses 
for the third digit. 
Now the code perforations of the 'A' code digit 

designation are made by punch magnets 30 to 
304, inclusive, as already described. Since the 
'A' code digit of the called office Code is assumed 
to be 4, then, when relay 22 operates, a cir 
cuit is closed from ground on the No. 2 contacts 
of relay 2409, conductor. 2445, brush 245 and 
associated No. 4 terminal, No. 4 contacts of relay 
272, conductor 2T28, winding of punch magnet 
30 4, to battery. Magnet 30 4 operates and 
causes a hole to be punched in position 15 of the 
tape, thereby recording in code form, the digit 
4 for the 'A' code digit. 
The code perforations of the 'B' code digit 

designations are performed by punch magnetS 
2900 to 2903, inclusive, as already described. 
Since the 'B' digit of the called office code is 2, 
then, when relay 22 operates, a circuit is closed 
from ground on the No. 4 contact set of relay 
2409, conductor 2446, brush 24 7 and its associ 
ated No. 2 terminal, No. 6 contacts of relay 22, 
conductor 2729, winding of punch magnet 290? 
to battery. Magnet 290 operates and causes a 
hole to be punched in position No. 17 of the tape 
thereby recording, in code form, the digit 2 for 
the 'B' code digit. 
The code perforations of the “C” code designa 

tion are made by punch magnets 2904 to 290, in 
clusive, as already described. Since the 'C' digit 
of the called office code is 5, then, when relay 
22 operates, the following circuits are closed; 
(1) ground on the No. 6 contacts of relay 2409, 
conductor 244, brush 2419 and associated No. 5 
terminal, No. 9 contacts of relay 22, conductor 
230, winding of punch magnet 2904 to battery. 
Magnet 2904 operates and causes a hole to be 
punched in position No. 20 of the tape; (2) 
ground on the No. 5 contact set of relay 2409, 
conductor 2448, brush 2420 and associated No. 5 
terminal, No. 10 contacts of relay 22, conductor 
23, winding of punch magnet 2905 to battery. 
Magnet 2905 operates and causes a hole to be 
punched in position No. 21 of the tape. Holes 
punched in positions 20 and 21, therefore, indi 
cate the digit 5 of the "C' code. 
The called subscriber's number was assumed to 

be 3678. Consequently when the subscriber dialed 
3678, the numerical switches of the call recorder 

25 
advanced their respective brushes over their co 
operating arcs to terminals corresponding re 
spectively to the digit impulses received. 
The code perforations of the thousands digit, 

code designation are made by punch magnets 
2908 to 29 f, inclusive, as already described. 
Since the thousands digit of the called subscrib 
er's number is 3, then, when relay 2T 2 operates, 
the following circuit is closed: ground through 
the No. 7 contact set of relay 2409, conductor 
2449, brush 2429 and the associated No. 3 ter 
minal, No. 15 contacts of relay 272, conductor 
2732, winding of punch magnet 290, to battery. 
Magnet 290 operates and causes a hole to be 
punched in position No. 26 of the tape to indicate 
the thousands digit 3. 
The code perforations of the hundreds desig 

nation are made by punch magnets 29f2 to 295, 
inclusive, as already described. Since the hun 
dreds digit of the called subscriber's number is 6, 
then, when relay 272 operates, the following cir 
cuits are closed: (1) ground on the No. 10 con 
tact set of relay 2409, conductor 245f, brush 242 
and its associated No. 6 terminal, No. 17 contacts 
of relay 212, conductor 2733, winding of magnet 
292 to battery. Magnet 292 operates and causes 
a hole to be punched in position No. 28 of the 
tape; (2) ground on the No. 9 contact set of relay 
209, conductor 2452, brush 2428 and its associ 
ated No. 6 terminal, No. 19 contact set of relay 
22, conductor 2T34, winding of punch magnet 
29, to battery. Magnet 294 operates and 
causes a hole to be punched in position 30 of the 
tape which, with the hole punched in position 
No. 28, indicates in code form the hundreds digit 

-6 
The code perforations of the tens designation 

are made by punch magnets 296 to 299, inclu 
Sive, as already described. Since the tens digit 
of the called subscriber's number is 7, then, when 
relay 22 operates, the following circuits are 
closed: (1) ground on the No. 12 contact set of 
relay 209, conductor 2453, brush 2425 and asso 
ciated No. 7 terminal, No. 21 contacts of relay 
27 f2, conductor 235, winding of punch magnet 
296 to battery. Magnet 296 operates and causes 
a hole to be punched in position No. 32 of the 
tape; (2) ground on the No. 11 contact set of 
relay 2409, conductor 2454, brush 2426 and its 
associated No. 7 terminal, No. 24 contacts of re 
lay 22, conductor 2736, winding of punch mag 
net 299 to battery. Magnet 299 operates and 
causes a hole to be punched in position No. 35 of 
the tape. Holes punched in positions 33 and 35 
indicate the designation of the tens digit 7. 
The code perforations of the units designation 

are made by magnets 2825 to 2828, inclusive, as 
already described. Since the units digit of the 
called Subscriber's number is 8, then, when relay 
22 operates, the following circuits are closed: 
(1) ground through the No. 14 contact set of re 
lay 2409, conductor 2455, brush 2423 and asso 
ciated No. 8 terminal, No. 26 contacts of relay 
272, conductor 2737, winding of punch magnet 
2826 to battery. Magnet 2826 operates and causes 
a hole to be punched in position No. 37 on the 
tape; (2) ground through the No. 13 contact set 
of relay 2409, conductor 2456, brush 2424 and its 
associated No. 8 terminal, No. 27 contact set of 
relay 22, conductor 2738, winding of punch 
magnet 2827 to battery. Magnet 282 operates 
and causes a hole to be punched in position No. 
38 of the tape, which, in conjunction with the 
hole punched in position No. 37, designates in 
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code form, the units digit 8 of the called sub 
Scriber’s number. 
The rate of charge according to the assump 

tion, is the rate termed "evening rate'. It is con 
trolled by the depression of key 2. Conse 
quently when relays 272 and 273 operate as al 
ready described, another circuit is closed from 
ground on the contacts of key 275, No. 14 con 
tact set of relay 23, conductor 239, winding 
of punch magnet 2834 to battery. Magnet 234 
operates and punches a hole in position No. 45 
of the tape, thereby designating the evening rate 
in code form. 

It has been assumed further that the conversa 
tion time is 15 minutes and that the district tim 
ing switches 2300 and 230 measure a maximum 
of 30 minutes. Hence when the conversation is 
terminated, brushes 2373 and 234 of the 10 
minute switch 23 to are resting on the second 
terminals of the respective arcs and brushes 287 
and 232 of the minutes switch 2300 are resting 
on the fifth terminals of their respective arcs. 
Consequently when relay 22 operates, the foll 
lowing circuits are closed: (1) ground through 
the No. 3 contact set of relay 2303, brush 233 and 
its associated second terminal, No. 34 contact set 
of relay 272, conductor 274, winding of punch 
magnet 2836 to battery. Magnet 2836 operates 
and causes a hole to be punched in position 47 
of the tape thereby designating, in code: form, 
that the conversation has lasted less than 20 
minutes, but more than 10 minutes; (2) ground 
through the No. 5 contact set of relay 2303, brush 
2375 and its associated fifth terminal, No. 37 con 
tact set of relay 272, conductor 2742, winding of 
punch magnet 2839, battery. Magnet 2839 oper 
ates and causes a hole to be punched in position 
50 of the tape; (3) ground on the No. 6 contact 
set of relay 2303, brush 232 and its associated 
fifth terminal, No. 38 contact set of relay 22, . 
conductor 244, winding of punch magnet 240 
to battery. The magnet operates and punches a 
hole in punch position 51 which, in conjunction 
with the hole punched in position 50, indicates 
that flve additional minutes have been consumed 
beyond the 10 minute interval, or 15 minutes in 
all. 
According to the assumption, the date of the 

Call being registered is July 17. The month of 
July, being the seventh month of the calendar 
year, represents the Seventh of the twelve con 
binations of the four conductor code, above de 
scribed. Hence keys 276 and 2720 are oper 
ated and multicontact relay 273 is also oper 
ated. The following punch magnet circuits are 
closed: (1), ground on contacts of key 27 6, No. 
11 contact set of multi-contact relay 27 f3, wind 
ing of punch magnet 2700, battery. Magnet 
200 operates and causes a hole to be punched 
in position 54 of the tape; (2) ground on the 
contacts of key 2720, No. 8 contact set of relay 
273, winding of magnet 2703 to battery. Mag 
net 2703 operates and causes a hole to be punched 
in position No. 57 of the tape which, in con 
junction with the hole punched in position 54, 
designates in code form, the month of July as 
the month when the call is made. 
The days of the month are divided, for code 

purposes into two parts, the tens digit and the 
units digit, as already described; there being 
three tens digits and eleven units digits. The 
three tens digits are identified by the three con 
ductor combinations controlled through the three 
tens digit keys, viz: keys 272, 2722, and 223 
while the eleven units digits are identified by 
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the eleven conductor combinations controlled 
through the four digit keys 22 & 22, inclu 
sive. Hence, on the seventeerii. ay of the 
month, key 2T2 is depressed for the tens digit 
one and keys 2T24 and 272 are depressed for 
the units digit seven. Consequently, when multi 
contact relay 28 operates, the following cir 
cuits are closed: (1) ground on the contacts of 
key 22, No. 7 contact set of relay 28, wind 
ing of punch magnet 204 to battery. Magnet 
204 operates and causes a hole to be punched 
in position 58 of the tape; (2) ground on the 
contacts of key 2724, No. 4 contact set of relay 
28, winding of punch magnet 20, battery. 
Magnet 207 operates and causes a hole to be 
punched in position 61 of the tape; (3) ground 
On the contacts of key 22, No. 1 contact set 
of relay 27 f3, winding of punch magnet 270 
to battery. Magnet 270 operates and causes 
a hole to be punched in position 64 of the tape. 
A hole punched in position 58, another in posi 
tion 61 and yet another in position 64 designate 
in code form the seventeenth day of the month. 
While the circuits of each of the punch mag 

nets involved in the perforation of the record 
of the call have been described in a manner con 
sistent with the arrangement of the magnets in 
the various drawings, it will be realized that these 
magnets are operated simultaneously after relays 
272 and 273 are operated, which occurs dur 
ing the interval when switch 200 is in position 
17. When switch 200 reaches position 17, relay 
226 is released and relay 237 is locked as already 
described. Hence, in this position, a circuit is 
closed from ground on interrupter contacts 236, 
top back contacts of relay 229, lover left con 
tact of cam 208, right lower contact of cam 2, 
left back contact of relay 2304, upper left con 
tact of cam 26, right upper contact of cam 223, 
winding of relay 226 to battery, thereby operat 
ing relay 226. Relay 226 locks over its inner 
upper front contact, the right and lower left con 
tacts of can 222, commutator strip 254 and 
brush 258 to ground. With relay 226 operated, 
magnet 200 is energized over the lower right 
contact of cam 207, upper right contact of can 
28, lower front contact of relay 226, upper right 
contact of cam 209 to ground. Sequence switch 
200 is thereby advanced to position 18. As se 
quence switch 200 leaves position 174 the above 
described circuit, including the identifying relay 
2503 and the lower winding of relay 2302 is 
opened, thereby causing these relays to release. 
With relay 2503 released, magnet 24 fl is released 
to restore the recorder and to release plunger 
holding magnet 296 thereby disconnecting the 
recorder from the district selector. Ground is 
removed from the tens and units punch magnets 
3003, 3007 and 30 O. The circuit of group relay 
27 is also opened. Relay 27 ff releases, re 
moves ground to the winding of punch magnet 
3000 and further opens the circuit of multi 
contact relay 272 which, on releasing, further 
releases relay 273. With both of these relays 
released all conductors leading to the punch 
magnets are opened, causing them to release and 
withdraw their respective punches from the per 
forated tape. Relay 273 further opens the cir 
cuit of advancing magnet 30 fe which, on re 
leasing, causes the pawl attached to its arma 
ture to advance the tape roll 305 one notch to 
prepare the tape for the registration of a sub 
sequent call by any line in that half of the line 

... finder frame served by the punching mechanism. 
It will be noted that the time allowed for the 
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operation of the punch magnets is controlled by 
the release of relay 204 since it is through the 
left back contacts of this relay that the circuit 
for operating relay 226 is controlled and which, 
in turn, controls the advance of sequence Switch 
200 from position 17 to position 18. Relay 2304 
is made very slow-release in order to allow ample 
time. But should the magnetic or mechanical 
structure of the punch magnets make additional 
time necessary, other slow-release relays may be 
added in series with relay 2304 or the required 
interval may be obtained by any other suitable 
means controlled by the release of relay 230. 
Beyond position 17% the circuit of relay 23 is 
also opened and ground is removed from con 
ductor 232, thereby releasing holding magnets 
236 and 2306 to release the timing switches 2800 
and 23 O. 
with relay 237 released, ground is disconnected 

from brush 2512 and cut-off relay 2502, thereby 
restoring the subscriber's line circuit to normal. 
In position 18 the down-drive magnet 2355 of 
the district selector is energized in a circuit from 
battery through the winding of magnet 2355, 
left contacts of cam 20, left contacts of can 
22 to ground. At the same time a circuit is 
closed from battery through the winding of 
down-drive magnet 256 of the line finder, upper 
contacts of cam 218, bottom outer front contacts. 
of relay 226, upper right contact of can 209 to 
ground. When the line finder reaches normal, 
the locking circuit of relay 226 over commutator 
strip 254 is opened so that relay releases. When 
the district selector reaches normal, a circuit is 
closed from battery through the winding of Se 
quence switch magnet 200, upper left contact of 
cam 224, normal commutator segment 2360, brush 
235T, lower contacts of cam 22 to ground, ad 
vancing sequence switch 200 to position 1 where 
it awaits selection by another link in the man 
ner above described. 

Section II.-Secondary tape 
Having described the formation of a permanent 

record of the history of all calls over a defined 
billing period made by a group of lines having 
access to one recording machine, the next step is 
to use this record for making a separate record 
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for each line of all the calls made by each of 
said lines in the group. Each of the records thus 
made is of a character which can be used with a 
commercial printing tabulator, modified accord 
ing to the needs of the present invention, to print 
the subscriber's bill, as more completely de 
scribed hereinafter. 

It will further be remembered that, due to the 
character of the recording machine used, the pri 
mary record is contained on a roll of paper, not 
unlike a player piano roll, in which the trans 
verse series of punches is a code record of one call, 
and that the record of all the calls consecutively 
contained thereon are not grouped with respect 
to the lines making the calls. Hence, the record 
of all the calls made by the group of 200 lines 
must be broken down into a separate record for 
each line and containing thereon the record of 
all calls made from said line while the coded 
information of each call so recorded must be re 
vised, translated or suppressed in accordance with 
the manner in which the charge for the call is to 
be entered on the printed bill. 

In order to sort out and decode each of the 
calls, therefore, it becomes necessary to have some 
mechanism which is responsive to the character 
of the record made on the primary tape. Since 

27 
the record in this case is a tape having a series 
of holes punched therein by a perforating ma 
chine, transversely across the tape, the mecha 
nism which is responsive to such perforations is a 
pneumatically controlled device, not unlike the 
pneumatic system of a player piano. 
Although pneumatic Systems in the piano art 

are old, it is believed that their application to 
automatic decoding Systems of the character 
herein described and claimed is new. For this 
reason, the principle of the pneumatic system 
by which the perforated record is translated will 
be described in detail. 

Fig. 42 shows the important parts of the pneu 
matic system responsive to one perforation and 
is commercially known in the piano player art 
as the single valve system. Since the perforated 
record of a call involves a number of perforations 
transversely made across a tape provided with 
64 punching positions, there will be 64 pneumatic 
devices of the kind shown in Fig. 42, each re 
sponsive to a perforation in the particular punch 
position in the tape for which a pneumatic Valve 
is provided. 
The valve 4200 comprises a disk 4202 placed 

so that it rests above a leather pouch or dia 
phragm 420. The disk is centered on a wooden 
spindle 42 f O. A button 42 at the end of the 
spindle rests just above the pouch. The latter 
is bedded in the floor of a chamber 4206 which 
is connected by means of a suitable port 4203 
with the bellows system (not shown) so that a 
state of reduced air pressure or partial vacuum 
may be maintained within it. Under the pouch 
is a channel 420 which is not connected with 
the chamber save by a small vent 4205 and which 
connects with a channel 420 connecting with the 
paper tracker duct 4208. 
The top of the disk 4202 is exposed to the outer 

air, but it rests upon the roof of the chamber 
4206 in such a way as to shut off any air from 
entering the chamber Over its top. Sixty-four 
of these valves are arranged in any suitable man 
ner and connected to one general port leading to 
the bellows with an individual bellows or pneu 
matic 422 corresponding to each valve. As is 
shown in the figure, all the channels 424 for all 
of the valves are brought together in straight line 
terminating in a smooth brass tracker bar 425 
which is as long as the width of the primary tape, 
and along which sixty-four tracker ducts like 
4208 are spaced so that each punch position of the 
primary tape covers one opening 4208 of the 
channel. The perforated tape record is Wound 
on a pay-out reel 423 and rewound on a take-up 
reel 4209. Both reels are driven by a power 
mechanism of any suitable description whose 
speed can be controlled to suit the operating 
characteristics of the decoding equipment con 
trolled by each of the pneumatic valves respon 
sive to the tape perforations, as more completely 
described hereinafter, 
As already indicated, the ends of the channels 

are brought together on the face of the tracker 
bar 425 in the same order as the punch positions 
of the primary tape and the punched record 
travels across the bar at the speed required to 
operate each of the Several decoding mechanisms 
when the perforated holes on the tape coincide 
with the channel openings. 
Assume, now, that the perforated tape is in a 

position to seal up the tracker duct 4208, that is, 
no perforations are present. If, now, the cham 
ber 4206 is put in a state of partial vacuum by 
the Operation of the bellows acting through the 
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port 4203, it follows that whatever air is in the 
tracker duct 420 will leak out into the chamber 
4.2B through the vent 4205 until the pressure 
in the chamber and that in the duct are equal 
but both below normal. Consequently, the atmos 
pheric pressure above the disk 4202 will press 
down and hold the disk firmly on the roof of the 
chamber, keeping the pouch 420 down and pre 
venting any air from reaching the chamber 
through its roof. Hence, there will be free pas 
sage of air from the pneumatic 422 to the atmos 
phere whereby the pneumatic will remain ex 
panded as shown. 
Suppose, now, that, in the process of decoding 

the primary tape, the perforation in a position 
registers with its associated tracker duct. Imme 
diately the atmospheric air will rush into the 
tracker duct through channels 424 and 42, 
killing the partial vacuum and restoring the nor 
mal pressure under the pouch. The pouch, being 
larger than the disk, will therefore overcome the 
pressure which is holding down the latter from 
above and will force the disk upwards until it 
presses against the underside of the channel 42 
which is above the roof of the chamber and leads 
to the pneumatic 422. Thus, the atmospheric 
air will be shut off from the pneumatic while a 
passage is opened between the latter and the 
chamber. The atmospheric air trapped in the 
pneumatic, therefore, will at once rush out into 
the low-pressure chamber 4206, and the pneu 
matic will collapse by the action of the atmos 
pheric pressure on its outside movable wall. The 
collapse of the pneumatic causes the lug 42 
carried by the movable wall to bear on the con 
necting rod 428 which operates a contact as 
sembly 4219. These contacts now operate and 
close electric circuits which control a part of 
the decoding equipment as more completely de 
scribed hereinafter. 
when the atmospheric air entered the cham 

ber by way of the duct it did not, however, dis 
charge at once through the vent 420s into the 
chamber 4206 and so nullify the effect of open 
ing the duct. The vent is too small to empty the 
channel of atmospheric air so long as an end of 
the latter is open. The quantity of atmospheric 
airflowing constantly down into the channel 424 
is always greater than the capacity of the vent 
to reduce its pressure by absorption into the 
chamber. Therefore, so long as the end of the 
channel is open, that is to say, so long as a per 
foration in the paper registers with the entrance 
to the channel, it remains under atmospheric 
pressure, and the pouch and the valve remain up. 
The pneumatic, in consequence, remains collapsed 
and maintains contact assembly 429 operated. 
When the perforation has travelled past the en 
trance of the channel and said channel is closed 
by the succession of the air tight surface of the 
paper, the atmospheric air trapped in the channel 
is reduced in pressure by the absorption of part 
of it into the chamber through the vent. Conse 
quently, the pressure under the pouch 420 li is re- " 
duced below the pressure above the top of the 
disk. The disk, therefore, drops, the roof of the 
chamber is at once sealed again, atmospheric 
air flows into the pneumatic which re-inflates and 
raises rod 428 which, in turn, restores the con 
tact assembly 429 to its original position. 

Each pneumatic, therefore, controls the opera 
tion of its own contact assembly, there being, as 
already mentioned, sixty-four pneumatics like 
422 and sixty-four valve systems with an equal 
number of contact assemblies although the sepa 

where one is necessary, and the bill therefor. 
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rate contact assemblies may differ from one an 
other by the contact combination required to 
care for the proper operation of the electrically 
responsive apparatus controlled therethrough. 
The number of pneumatics, of course, may be ex 
panded or restricted depending upon the size of 
the record to be decoded. 
While the manner by which the chamber 42 

is maintained at workable pressures lower than 
atmospheric forms no part of the invention and 
hence is not shown, any workable and commer 
cial device for maintaining such a pressure may 
be used without departing from the spirit of the 
invention. 

Having described the pneumatic system and 
the necessary apparatus by which a perforated 
record causes its operation, we will proceed to de 
scribe how, by the use of said apparatus and the 
manner of its operation, the perforations on the 
primary tape control the making of a secondary 
record for each line containing, in chronological 
order, a record of all the calls made by said line 
during the billing period. 

In order to obtain a clear understanding of the 
principle underlying this part of the invention as 
well as the details of its operation, Figs. 31 to 41, 
inclusive, should be arranged as indicated in 
Section II of Fig. 1. With the drawings so ar 
ranged, 300 represents the perforated record as 
passing across the surface of the tracker bar 30, 
the entire width of the perforated record being 
extended across Figs. 31 to 37, inclusive for a 
clearer exposition of the decoding apparatus. 
Each one of the tractor ducts leads to a pneu 
matic valve and attached pneumatic of the type 
described. These valves are schematically repre 
sented in Figs. 31 to 37, inclusive. While there 
are in all sixty-four such pneumatics to corre 
spond to the sixty-four punch positions on the 
primary tape only representative combinations of 
the entire number of pneumatics together with 
their contact assemblies are shown in said draw. 
ings for the sake of clarity. 

Before proceeding with the detailed description 
of the making of secondary record for each line 
it is desirable, first of all, to point out the oper 
ating objects sought to be accomplished when the 
perforated primary tape travels across the tracker 
bar and the call record punches come into coin 
cidence with the tracker openings for operating 
the pneumatics involved. 
As already mentioned, while the calls com 

pleted during the billing period by the group of 
200 subscribers served by one perforating ma 
chine are recorded in chronological order, they 
are not, however, grouped together with respect 
to the lines from which they were made. Since 
the printing tabulator, as described hereinafter, 
prints the entire bill for one line at a time, it is 
necessary to sort these calls, allocate them to 
the lines from which they were made and make 
a separate record of these calls for each line, said 
record being subsequently used to operate the 
tabulator to print the subscriber record of calls, 

n 
order to do this, it becomes necessary to make 
another record, one for each line in the group 
and containing thereon a record of all calls made 
from that line. In this manner all the calls re 
COrded. On the primary tape are transferred to 
two hundred secondary records individual to each 
of the lines in the group. For this purpose, two 
hundred secondary punching machines are pro 
vided, one for each line-finder terminal of the 
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through one common analyzing mechanism, here 
in called the analyzer and shown in Figs. 31 to 41, 
inclusive. Obviously, if a secondary punching 
machine appertains to a line-finder terminal 
number and the entire office, for billing pur 
poses, is divided into a plurality of two hundred 
line groups, each group being one half of a line 
finder frame and each terminal in the group hav 
ing the same identifying number as correspond 
ing terminals in all other groups, then all groups 
will make similar primary tape records So far as 
line-finder terminal number identifications are 
concerned. When it follows that one analyzer is 
sufficient with which to decode the primary tape 
records of all the groups in the office. Further, 
since corresponding terminal numbers in differ 
ent line-finder groups are recorded on the pri 
mary tape by the same code method as above de 
scribed, the analyzer makes no distinction be 
tween the line-finder terminal number codes re 
corded in one primary tape and those recorded 
in another. Hence each of the 200 secondary 
tape records ultimately produced by each primary 
tape record so analyzed relates back to the cor 
rect subscribers by identifying not only the line 
finder terminal number but also the line-finder 
group to which the primary tape appertains. This 
discrimination between line-finder groups, of 
course, is not evident from any record in the 
primary tape but simply from the fact that each 
primary tape belongs to a different line-finder 
group. In this manner the analyzer and the two 
hundred secondary punching machines coopera 
tively associated with it can be made to serve one 
office of 10,000 lines. 

By the application of the same principle to 
an entire telephone area, one analyzer and its 
200 secondary punching machines can be made 
to serve each and every office in said area. For 
if the subscribers in each of the offices are divided 
into 200 line groups and the line-finder terminal 
numbers in each group correspond to the line 
finder terminal numbers in every similar group 
throughout the area, then all primary tape rec 
ords, as far as line-finder identification numbers 
are concerned, are identical regardless of the 
office of origin or of the particular group therein. 
Each of the 200 secondary records produced by 
some One primary tape record then relates back 
to a particular line-finder terminal number, the 
Subscriber corresponding to which is then further 
identified by the line group to which the primary 
tape belongs and to the office in which said tape 
Was made. 
There is, however, one important difference 

between the use of the analyzer for one telephone 
office and its use for one telephone area. In the 
latter case, the Offices are usually divided into 
different calling zones for each of which a dif 
ferent charge rate may prevail for calls completed 
from any office within the Zone to points outside 
of the zone. Since, as described hereinafter, the 
secondary record of any line does not contain, in 
code form as does the primary tape, the record 
of the telephone conversation time but only a 
record of the charge to be made for the call, 
analyzer, in the case it is common to the area, 
must contain facilities for distinguishing the pri 
mary tape records emanating from the offices in 
the different zones in order that, in making the 
secondary record for a line from a given primary 
record of an office, the proper charge rate ap 
plicable for the zone in which said office is lo 
cated may be used in computing the charge for 
the call. 

29 
The analyzer as shown in Figs. 3 to 4, in 

clusive, performs six separate functions. Its 
entire mechanism, therefore, may be functionally 
divided into six parts as follows: 

Part 1.- The mechanism which is responsive 
to the perforated records on the primary tape. 

Part 2.- The means for selecting the Secondary 
punching machine appertaining to the line 
finder terminal number registered with the call 
record and thereby to distribute the call rec 
ords on the primary tape common to 200 lines 

O 

over 200 secondary tapes, one for each line-finder 
terminal number or subscriber appertaining 
thereto. 
Part 3.- The means for translating the called 

office code into a called office name, if necessary, 
and of further means responsive to the called 
office code record for determining the charge 
rate to be applied. 

Part 4.- The means responsive to that part of 
a call record on the primary tape Which involves 
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certain information to be further copied as a 
part of the secondary record. 
Part 5.-The apparatus for computing the 

charges for each toll call into money units, and 
for each local call into call charge units, together 
With the means for a SSociating the conversation 
time in minutes and also the evening or night 
rate indication. With the said apparatus for Com 
puting charges. 

Part 6.-The means for associating the line 
finder terminal number on the primary tape With 
the directory number of the Subscriber to which 
said line-finder terminal number appertains and 
the zone of the office in which the Office contain 
ing Said line belOngS. 
To describe the operation of the analyzer for 

the most general case, let it be assumed that it is 
to be used for decoding primary records from a 
plurality of telephone offices comprising a local 
telephone area divided into a number of different 
calling zones and that each of Said Zones defines 
the charge rate for calls established from any 
office within the Zone to all other ZOnes of said 
local area. Furthermore, all of the Offices in the 
area are to be assumed to have their subscriber 
lines uniformly divided into groups of 200, and 
that corresponding line-finder terminal num 
bers in all the groups in the area are the same 
and recorded on all primary tapes in the manner 
already described. It will also be recalled that 
the object of breaking down the primary record 
of calls made by a group in any office is to make 
a secondary tape record for each line in that 
group, and that, in order to accomplish this with 
one common analyzer for the Whole area, as for 
one office, 200 secondary punching machines 
operate in combination with the one anlyzer. 
Each of these machines is of the same structure 
as the one used for punching the primary tape. 
It has a feed mechanism comprising advance 
magnet 388, a cooperating ratchet mechanism 
382, a take-up reel 389, and a tape feed roll 
3820, a group of punch magnets and controlling 
circuits for operating the same to perforate a 
number of holes across the tape to indicate the 
required information relating to one call. Each 
punch magnet has a punch associated with its 
armature, for example, in the manner disclosed 
in Patent 749,033, granted January 5, 1904, F. G. 
Creed. The schematic representation of such a 
secondary punching machine is shown in the 
lower portions of Figs. 38 to 41, inclusive, and 
will be considered in detail in connection. With the 
operation of the analyzer. 
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Associated with each punching machine and 
forming a part thereof, is a multi-contact relay, 
such as relay 3800 which, when operated, extends 
a number of conductors from the analyzer to the 
punch magnets of the related punching machine. 
The conductors from the analyzer are multipled 
to corresponding contacts of other multi-contact 
relays. That is, of the entire 200 multi-contact 
relays, only one is operated at one time so that 
any electrical condition imposed on the com 
moned conductors as the result of the decoding 
process initiated by the perforations of a call 
record on the primary tape will be extended 
only to the punch magnets of that punching 
machine whose associated multi-contact relay 
has been operated. Thus, it is only necessary to 
select the multi-contact relay designated by the 
code of the line-finder terminal number con 
tained in the call record in the primary tape to 
insure the selection of the secondary punching 
machine which has been made to appertain to 
that number and hence to the subscriber repre 
sented by that number. 
Now, in the example chosen to illustrate the 

manner in which our entire invention operates, 
it has been assumed that the calling line-finder 
terminal is 7 and that, to record on the primary 
tape the code of such a number, holes were 
punched on the primary tape in punch posi 
tions 1, 4, 8 and 11. Consequently, when the pri 
mary tape advances to the position where the 
perforations which record the assumed call are 
coincidental with the corresponding holes in the 
tracker bar 30, the exposure of the vent holes 
to the atmosphere as a result of the coincidence 
of the perforations with the tracker hole open 
ings causes the associated valves to operate as 
described and cause the collapse of their associ 
ated pneumatics 31 O2, 303, 3200 and 320. The 
collapse of the pneumatics, in turn, causes the 
operation of their respective contact assemblies 
30, 3, 4, 3204 and 3202. By this operation a 
group of decoding circuits is operated by which 
the particular multi-contact relay of the Sec 
ondary punching machine appertaining to the 
line-finder terminal number 117, recorded on the 
tape, is caused to be selected and operated. 
The entire scheme for the selection of one of 

the 200 secondary punching machines or, what 
amounts to the same thing, the One multi-Con 
tact relay which causes connection thereto, is 
based on a group of relays which controls, by 
elimination, the selection of the one conductor 
which is connected to the winding of the par 
ticular multi-contact relay sought to be selected. 
The pneumatics operated in response to the code 
perforations of the line-finder group code close 
circuits to operate a group relay which, through 
its contacts extends a group of 40 common con 
ductors to a particular main group of 40 other 
conductors correlated to the main group of 40 
lines indicated by the operated pneumatics of 
the group code. The operation of the "tens' 
code group of pneumatics further causes the ex 
tension of a group of tens conductors, into which 
the main group of 40 conductors is divided, to 
the contact assemblies of the units code pneu 
matics while the Operation of the latter pneu 
matics, according to the units code perforations 
of the line-finder terminal number, completes the 
circuit over one particular conductor in the se 
lected group of ten conductors thus partially ex 
tended. This conductor is connected to the 
winding of the multi-contact relay appertaining 
to the line-finder terminal number, 
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The line-finder terminal number of the line of 

origin of the call under consideration is assumed 
to be 117 which means, first of all, the first group 
of the five main groups of 40 lines each into 
which the group of 200 lines is divided. Con 
sequently, the operation of the group pneumatic 
302, in response to the hole punched in position 
1 of the primary tape, causes a circuit to be closed 
to the first group relay 304 extending from bat 
tery through the winding of multi-contact relay 
3 04, conductor 309, make contacts of the No. 3 
contact set of contact assembly 3 i 10, normal con 
tacts of the No. 1 contact set of contact assembly 
3f, normal contacts of the No. 2 contact set of 
contact assembly 392, to ground. Relay 304 
operates and closes its contacts through to the 
common conductors which extend to the other 
four group relays, namely, 305, 306, 3 f OT and 
3.08. Relay 304 further closes a circuit from 
ground on a supplementary contact, conductor 
39, winding of relay 3822 to battery. Relay 
3822 operates but performs no useful function at 
this time. 
The operation of tens code pneumatic 03, in 

response to the hole punched in position 4 to in 
dicate the first tens group, causes a circuit to 
be closed from ground on contacts 34, conduc 
tor 35, winding of relay 3 ff, to battery, there 
by operating this relay and further extending 
the first subgroup of ten conductors to the con 
tact assemblies of the units code pneumatics, 
while the remaining 30 conductors remain un 
extended. 

Finally, the operation of units code pneumatics 
3200 and 320, in response to holes punches in 
positions 8 and 11 corresponding to the seventh 
units digit, now causes a circuit to be closed from 
ground on the alternate contact of the contact 
assembly 3202, the normal contact of the No. 2 
contact set of contact assembly 3206, the normal 
contact of the No. 3 contact set of contact as 
sembly 3207, the alternate contact of the No. 4 
contact set of the contact assembly\3204, con 
ductor 3205, No. 7 contact set of relay 36, con 
ductor 37, No. 7 contact of relay 304, con 
ductor 38, winding of multi-contact relay 3800, 
to battery. Multi-contact relay 3800 is the mul 
ti-contact relay marked by the line-flnder termi 
nal number 117, is one of the 200 similar relays, 
One for each line of the unit group of 200 which 
associates a particular secondary. punching ma 
chine with a particularline-finder terminal num 
ber of any office within the telephone area. The 
operation of multi-contact relay 800 now closes 
64 sets of contacts, each of which extends a com 
mon conductor from the analyzer to the winding 
of a punch magnet of the Secondary punching 
machine. The secondary punching machine has, 
therefore, 64 punch magnets each of which, when 
operated, perforates a hole in a correspondingly 
numbered position. The entire record of a call 
as it is to be transmitted for printing to the print 
ing tabulator, as described hereinafter, will be 
contained in the series of holes punched trans 
versely across the secondary tape. 

Having selected the Secondary punching ma 
chine correlated to the proper line finder termi 
nal number, I will now describe how the remaining 
information contained on call record perfora 
tions of the primary tape is translated, suppressed 
or directly reperforated on the secondary tape 
by the secondary punching machine. 

It will be recalled that immediately next to 
the code registration of the line finder terminal 
number there is registered on the primary tape 
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the called office code between punch positions 
12 to 23, inclusive. Now the office code trans 
lator of the analyzer comprises a series of pneu 
natics which operate in accordance with the A 
code perforations contained between positions 
12 to 15, inclusive, the B code perforations con 
tained between positions 16 to 19, inclusive, and 
the C code perforations contained between posi 
tions 20 to 23, inclusive. Each office code digit 
is punched in accordance with the four unit 
code as previously described. When, therefore, 
the particular punched holes of the entire office 
code uncover the corresponding tracker duct 
openings connecting with the pneumatics re 
sponsive to the above punch positions, their oper 
ation causes the closure of their respective con 
tact assemblies which, in turn, cause the conse 
quent operation of another group of translating 
relays as follows: 
The operation of the pneumatics for the A 

digit in accordance with the code of that digit, 
grounds one of eight conductors, all of which are 
multiplied to corresponding contacts of eight 
relays. The operation of each of the relays is, in 
turn, controlled through the contact assemblies 
of the B digit pneumatics. These relays, in Fig. 
33, are designated 3303 to 330, inclusive. Since 
the eight conductors from the A code pneu 
matics are multiplied to each of these relays, it 
is evident that any one of the eight conductors 
may be extended through any one of the eight 
B digit relays which may be operated, making it 
thus possible to extend 64 conductors in all 
through all of the eight relays. The operation of 
one of these relays further extends the grounded 
conductor from the operated A code pneumatics 
to the multiplex contacts of ten C code multi-con 
tact relays 3404 to 343, inclusive, each one of 
which, in turn, is operated by the proper combi 
nation of C code pneumatics. The conductor 
grounded by the A code pneumatic is then car 
ried through the B code relay operated by the B 
code pneumatic, to the contacts of the particular 
C code relay operated by the C code pneumatics, 
which latter operated in response to the C digit 
perforation on the primary tape. The contact 
So grounded is the particular code point apper 
taining to the called office code punched on the 
primary tape. ?? 

As an example, it will be remembered that the 
called office code of the call used for illustra 
tion is Halifax or 425. Consequently, the punch 
ing of a hole in position 15, corresponding to the 
code punch position for A digit 4, causes the 
corresponding pneumatic 33 to operate and 
close contact assembly 330, after which a path 
is closed fron ground on the alternate contact 
of contact assembly on 330, the normal contact 
of the No. 2 contact set of contact assembly 
339, the normal contact of the No. 3 contact set 
of contact assembly 3320, the normal contact of 
the No. 4 contact set of contact assembly 332 to 
conductor 333, which extends in parallel to the 
No. 3 contact set of all of the B digit code relays 
3303 to 330, inclusive, the No. 1 and No. 8 con 
tact sets of which only are shown for all of said 
relays except 3303 for which are shown the No. 
3 and No. 8. 
The coincidence of the hole punched in posi 

tion 17 as the code perforation of the B digit 2, 
causes the operation of pneumatic 335 which, 
in turn, operates its associated contact assembly 
336 and thereby causes a circuit to be closed 
from ground, normal contact of contact assem 
bly 3403, normal contact of the No. 1 contact set 

3. 
of contact assembly 340, conductor 3400, the 
alternate contact of the No. 1 contact set of con 
tact assembly 336, conductor 338, the normal 
contact of the No. 2 contact set of contact assem 
bly 3302, conductor 33.7, winding of relay 3303 
to battery. The first B digit code relay 3303 
Operates in the above circuit and closes its eight 
sets of contacts, further extending thereby con 
ductor 33 3 through conductor 33 i 4, through 
its 3rd contact set to conductor 349. 
The coincidence of the holes punched in posi 

tions 20 and 21 in response to the perforation 
of the code for the C digit 5, causes a circuit to 
be closed from ground, normal contact of con 
tact assembly 348, normal contact of the No. 1 
contact set of contact assembly 347, the alter 
nate contact of the No. 1 contact set of contact 
assembly 346, the alternate contact of the No. 
2 contact set of contact assembly 345, conductor 
344 to battery through the winding of multi-con 
tact relay 3408. Relay 3408 operates. Ground on 
conductor 349 is now further extended over the 
No. 3 contact set of multi-contact relay 3408, 
conductor 3420, winding of code relay 380 to bat 
tery. Relay 380 is the relay which identifies the 
called office code. Since, therefore, the translat 
ing facilities provide for 640 possible code trans 
lations, the present embodiment of the invention 
discloses the possibility of using the automatic 
billing System for 640 possible called offices. 
However, it must be understood that no such 
limitation is intended. The telephone art is re 
plete with innumerable devices for translating 
any number of codes, all of which devices may 
be easily modified for incorporation into the in 
Vention. Where, for instance, the number of 
codes to be translated is greater than 640, such 
as might be the case if more than eight digits 
were to be used for the A code or B code or both, 
the four-unit code provided for translating each 
of these digits can be easily expanded to include 
two more conductors in the A code group and 
two more relays in the B code group thereby 
furnishing circuit facilities for translating a 
maximum of a thousand codes. However, the 
number of codes which may be translated is not 
the essence of the invention; these facilities may 
be expanded or restricted in accordance with the 
traffic complexities and the number of called 
Offices involved in any particular area for which 
the billing system is adapted. What is included 
as a part of the invention is simply a code trans 
lator responsive to the code record contained in 
the primary tape. 
The object of translating the office code is two 

fold; first, the called office must furnish the 
basic traiff rate applicable to the call so that, in 
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computing the total charges for the call, the 
correct base charge may be applied; secondly, in 
the case of a toll call or of any call for which 
the called office and number is to be itemized on 
the bill, the office code designation as thereon 
printed must appear as shown in the telephone 
directory. 

Therefore, each code relay like 380 must fur 
nish controlling means for indicating the base 
charge and other means for indicating the office 
name. For both of these purposes, each office 
code relay, like relay 380, contains five sets of 
contacts which, when the relay operates, grounds 
five separate conductors, three of which extend 
to cross-connecting frame 3802, the fourth con 
ductor 3823 is extended to a terminai On a plu 
rality of zone switches, 3922, 3923 and 3924 for 
Supplying the rate indication, and the fifth con 
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ductor 383, for supplying ground to the contact 
assemblies of the pneumatics which control the 
called number and date registration for a purpose 
described hereinafter. 
The three conductors extending to the cross 

connecting frame 3802 are further cross-con 
nected by way of block 382 for operating relays 
which, in turn, control certain punch magnets 
of the punching machine for perforating the code 
of the called office in the letter code in which 
said office appears in the directory. However, in 
order to minimize the number of punches re 
quired for this purpose, each of the letters cor 
responding to a letter in the office code is punched 
in a five-unit code such as is used, for example, in 
printing telegraph systems. A set of relays A to 
Y, inclusive, therefore, is provided for each code 
digit and the conductors on the code relays cor 
responding to individual offices are cross-con 
nected to these letter relays as required by the 
letters of the office code. For example, the office 
name of the called office corresponding to code 
425 has been assumed to be Halifax, the first 
three letters of which are dialed by the sub 
Scriber as the code of the wanted office, Since 
relay 380 f is the code relay corresponding to 
office code 425 and, therefore, to its letter equiva 
lent Halifax, the conductor grounded by the No. 1 
contact set of relay 380 is cross-connected from 
block 3802 to block 382 and from thence to the 
winding of the relay corresponding to letter H 
of the first group of twenty-six relays provided 
for translating the first digit of the office code 
into its letter equivalent. This relay, in Fig. 38, 
is designated as relay 3803. The conductor 
grounded by the No. 2 contact of relay 380 is 
cross-connected to the winding of the relay cor 
responding to letter A of the Second group of 
twenty-six relays corresponding to the letter 
translation of the B digit. This relay, in Fig. 38, 
is designated as relay 3804. The conductor 
grounded by the No. 3 contact set of relay 380 
is cross-connected to the winding of the relay 
corresponding to letter I of the third group of 
twenty-six relays corresponding to the letter 
translation of the C digit. This relay, in Fig. 38, 
is designated as 3805. Each relay in each group 
of letter relays is provided with as many contact 
pairs as are required by the five-unit code for 
characterizing the letter represented by the re 
lay. The conductors connected to the front con 
tacts of each of the letter relays of the first group 
are each further extended to one contact of a 
contact set of a group of five contact Sets On 
relay 3800 reserved for the letters of one digit 
of the code. The same is true of the front con 
tacts, appertaining to the letter relays of the 
remaining two groups; the extensions to the con 
tact sets of relay 3800 in each of these two other 
cases taking place to other separate groups of 
contact sets reserved for each of the other two 
letters. In this manner, the magnets operating 
between punch positions 1 to 5, inclusive, control 
the registration of the A digit in accordance with 
the five unit code, the magnets Operating between 
punch positions 6 to 10, inclusive, control the 
registration of the B digit and the magnets which 
operate between punch positions 11 to 15, inclu 
sive, control the registration of the C digit. 

Returning to the illustration, the A digit code 
letter relays, of which only relays corresponding 
to the letters A, H and Y are shown, show relay 
3803 of the letter H having two sets of contacts, 
the first of which is cross-connected to the No. 3 
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the operation of punch magnet 3806, and the sec 
ond is CroSS-connected to the No. 5 contact set 
which, in turn, controls the operation of punch 
magnet 3807. Consequently, the operation of re 
lay 3803, which occurs over an obvious circuit 
when relay 380 operates, closes two circuits, as 
follows: (1) ground on conductor 387, outer 
contact of relay 3803, No. 3 contact set of relay 
3800, winding of punch magnet 3806, battery. 
The magnet operates and causes a hole to be 
punched in punch position 3 of the secondary 
tape; (2) ground on conductor 387, inner contact 
of relay 3803, No. 5 contact set of relay 3800, 
winding of punch magnet 3807 to battery. The 
magnet operates and causes a hole to be punched 
in position 5 of the secondary tape. The holes 
punched in these two positions, that is, positions 
3 and 5 designate the letter H, according to the 
above five-unit telegraph code. 
Relay 3804 of the second group of letter relays 

of which only the relays corresponding to let 
ters A, U and Y are shown, corresponds to the 
letter A. It has two sets of contacts and they 
are cross-connected to contact Sets NoS. 6 and 7 
of relay 3800, which control, respectively, the 
operation of punch magnets 3808 and 389. The 
relays corresponding to letters U and Y show 
their contacts cross-connected to the appropriate 
contact sets of relay 3800 for the designation of 
their appertaining letters according to the above 
mentioned telegraph code. Hence, when relay 
3804 operates, two circuits are closed as follows: 
(1) ground on conductor 38, Outer contact of 
relay 3804, No. 6 contact set of relay 3800, wind 
ing of punch magnet 3808, battery. The magnet 
operates and causes a hole to be punched in posi 
tion No. 6 of the tape; (2) ground in conductor 
387, inner contact of relay 3804, No. 7 contact 
set of relay 3800, winding of punch magnet 3809 
to battery. The magnet operates and causes a 
hole to be punched in position No. 7 of the tape 
which, in conjunction with the hole in position 6, 
designates the second letter A of the dialed office 
code. 

Relay 3805 of the third group of letter relays 
of which relays corresponding to A, L and Y only 
are shown, corresponds to the letter L. It has 
two sets of contacts, the first of which is CrOSS 
connected to the No. 12 contact set of relay 3800 
which in turn, controls the operation of punch 
magnet, 380, and the second is cross-connected 
to the No. 15 contact set of said relay which, in 
turn, controls the operation of punch magnet 
38. Consequently, when relay 380 operates 
two circuits are closed as follows: (1) ground on 
conductor 387, outer contact of relay 3805, No. 
12 contact set of relay 3800, winding of punch 
magnet 380, to battery. Magnet 380 operates 
and causes a hole to be punched in position No. 12 
of the tape; (2) ground on conductor 38 ft, inner 
contact of relay 3805, No. 15 contact set of relay 
3800, winding of punch magnet 38 to battery. 
Magnet, 38 operates and causes a hole to be 
punched in position 15 of the tape which, in 
conjunction with the hole punched in position 12, 
designates the letter L of the dialed office code. 
Thus relay 380, corresponding to the called 

office code 425, has been translated for reperfora 
tion on the secondary tape into the appropriate 
letter code HAL which, it is assumed, is the letter 
code printed in the telephone directory. All 
other office code relays, of course, have their con 
tacts extended through cross-connecting frames 
3802 and 382 to the appropriate one of each of 
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which correspond to the A, B, C letters of the 
code identified by the separate office code relays. 

It should be noted that if digit figures are used 
instead of digit letters for the office code, then 
since a maximum number of ten possible char 
acters would be required for each of the three 
digits, the number of translating relays in each 
group would be reduced from twenty-six to ten. 
The four-unit code heretofore used for register 
ing, in code form, the items of information on the 
primary tape could then be similarly used to 
register, also in code form, each of the numerical 
characters of the Office code digits. Or, again, if, 
as is at present the case in large metropolitan 
areas, the last digit of the Office code is one of 
the ten digits in order to provide for the use of 
the same office name for a plurality of offices 
such as, for example, Halifax 2, Halifax 3, etc., 
then, the last group of twenty-six letter relays 
can be omitted and ten relays for the four-unit 
code can be used to record the numerical char 
acter. Where, however, the four-unit code is 
used, Only four punch magnets per digit are re 
quired instead of five. 
The information on the primary-tape next to 

be recorded on the secondary tape is the group 
of Codes designating the called number. The 
punched holes indicative of the number appear 
in various combinations between positions 24 to 
43 inclusive. Since the number may comprise 
five separate digits or characters including a party 
station designation, each digit or character is 
recorded by a four-unit code involving the per 
foration of one or two holes in four punch posi 
tions allotted for each digit, namely, the thou 
sands digit registration between positions 24 to 
27, inclusive, the hundreds digit registration be 
tween positions 28 to 31, inclusive, the tens digit 
registration between positions 32 to 35, inclusive, 
the units digit registration between positions 36 to 
39 and the stations digit registration between 
positions 40 to 43, inclusive. 
The called number, if it is to be itemized in the 

bill and therefore must be recorded on the 
secondary tape, needs no translation from the 
manner in which it is recorded on the primary 
tape. Hence, the record as contained in said 
tape may be directly copied into the secondary 
tape. Therefore under such circumstances, each 
of the pneumatics responsive to the several punch 
holes indicating the called number close con 
tacts which extend ground on conductor 383 to 
the separate contact pairs of the multi-contact 
relay 3800, the mates of which contacts, in turn, 
extend, respectively, to the windings of separate 
punch magnets so that, when relay 3800 operates 
and the called number pneumatics responsive to 
the punched holes have operated, the punch mag 
nets which have been directly connected by the 
Operation of relay 3800 to the grounded contacts 
of said pneumatics, operate in the combinations 
corresponding to the holes in the primary tape 
and punch the same record and in the same codes 
On the secondary tape. 

Since each one of the pneumatics operated by 
the holes of the called number code controls an 
associated contact assembly which has but one 
pair of contacts, all of these separate pneu 
matics are not shown, but only the first, which is 
responsive to punch position 24, and the last, 
which is responsive to punch position 43, the con 
ductors connected to all of the other pneumatics 
being simply indicated as connected thereto and 
extending to contact sets Nos. 16 to 35, inclusive, 
of multi-contact relay 0. 

33 
It will be remembered that the called sub 

scriber’s number was assumed to be 3678. In 
consequence of this, the thousands digit 3 is 
represented by a hole punched in position 26 of 
the primary tape, thereby causing the operation 
of the corresponding pneumatic (not shown), and 
the consequent grounding of conductor 3500 by 
way of ground on conductor 383 connected thereto 
through the No. 5 contact set of office code relay 
380. Hence, a circuit is closed from ground on 
conductor 3500, No. 18 contact set of relay 3800, 
winding of punch magnet 390 to battery. Mag 
net 390 operates and causes the punching of a 
hole in position No. 18 of the secondary tape 
thereby recording, in code form, the thousands 
digit 3. 
The registration of the hundreds digit 6 caused 

holes to be punched in positions 28 and 30, re 
Spectively, of the primary tape, thereby causing 
the consequent grounding of conductors 350 and 
3502 by way of conductor 383. Hence circuits 
are closed: (1) from ground on conductor 350, 
No. 20 contact set of relay 3800, winding of punch 
magnet 3902, battery. The magnet operates and 
causes a hole to be punched in position 20 of the 
tape; (2) ground on conductor 3502, No. 22 con 
tact set of relay 3800, winding of punch magnet 
3903 to battery. The magnet operates and causes 
a hole to be punched in position 22 of the tape 
which, in conjunction with the hole punched in 
position 20, records, in code form, the hundreds 
digit 6. 
The registration of the tens digit 7 caused holes 

to be made in positions 32, 35, respectively, of the 
primary tape, thereby causing the consequent 
grounding of conductors 3503 and 3504 by way of 
conductor 383. Hence, circuits are closed: (1) 
from ground on conductor 3503, No. 24 contact 
set of relay 800, winding of punch magnet 3904 to 
battery. The magnet operates and causes a hole 
to be punched in position 24 of the tape; (2) 
ground on conductor 3504, No. 27 contact set of 
relay 3800, winding of punch magnet 3905 to bat 
tery. The magnet operates and causes a hole to 
be punched in position No. 27 of the tape which, 
in conjunction with the hole punched in position 
24 records, in code form, the tens digit 7. 
The registration of the units digit 8 caused holes 

to be punched in positions 37 and 38, respectively, 
of the primary tape thereby causing the conse. 
quent grounding of conductors 3505 and 3506 by 
Way of conductor 383. Hence, circuits are 
closed: (1) from ground on conductor 3505, No. 29 
contact set of relay 3800, winding of punch mag 
net 3906, to battery. The magnet Operates and 
causes a hole to be punched in punch position 29; 
(2) ground on conductor 3506, No. 30 contact set 
of relay 3800, winding of punch magnet 3907, to 
battery. The magnet operates and causes a hole 
to be punched in punch position No. 30, which in 
conjunction with the hole punched in position 29, 
records in code form, the units digit 8. 
There being no station's letter for the assumed 

number of the called subscriber, no holes were 
punched in positions 40 to 43, inclusive, of the 
primary tape. Consequently, their corresponding 
pneumatics in the analyzer, are not operated and 
the corresponding punch magnets for positions 32 
to 35 of the secondary tape remain unoperated. 
The secondary tape besides containing the req 

uisite perforations to print the called office and 
number when required, must contain, as well, a 
punched code which designates (a) the charge for 
the call in terms of a base call charge unit if the 
call is completed within what has been defined as 
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is be observed from Fig. 38 that the called office code 

34 
the local area, (b) the charge for the call in money 
units if said call has been completed to a toll point. 

. In the case of local calls, or such calls completed 
to points within the local area for which diferent 
rates apply for different calling zones, it is the 
usual practice for the operating company to bill 
such charges to the subscriber only in terms of 
standard local charge units rather than in money 
units and furnish no itemized account for the call. 
For example, local calls may be designated as calls 
which may be made for five cents for a standard 
period of conversation, and five cents for each 
defined overtime period thereafter; others for ten 
cents or two call charge units for the initial Con 
versation period and five cents or one local charge 
unit for each period of overtime thereafter, and 
yet others may have an initial charge rate of 
fifteen cents or three local charge units of five 
cents each for the first period of conversation and 
five cents or one call charge unit for each defined 
period of overtime thereafter. For instance, if 
the subscriber has conversed for fifteen minutes 
over a connection in which the initial charge is five 
cents and the overtime charge is five cents for each 
additional five minutes or fraction thereof, the 
bill to the subscriber would merely indicate three 
local calls at five cents each. Or again, if the call 
is to an office within the local area but for which 
the base rate charge is ten cents for the first five 
minutes and five cents for each three minutes of 
overtime or fraction thereof, this call would be 
billed to the subscriber as five local five cent calls 
without an itemized account of the fact that the 
call was completed to the "ten cent' area. The 
same thing would be true for the fifteen cent rate 
wherein the base rate would be charged as three 
local charge units and the Overtime charged in 
terms of conversation periods adjusted to the local 
base rate. In other words, the operating company 
may deem it expedient to make no distinction 
between the three different types of calls and sub 
ject them all to the "bulk billing' practice so long 
as a detailed account of a call is confined to such 
as are characterized as "toll' calls; that is, calls 
completed to toll points. 

It will be observed that, in the preferred en 
bodiment of the invention, the primary tape is 
arranged to make no distinction between calls 
which have to be itemized Or Separately reported 
as a part of the subscriber's bill, and those which 
do not have to be so itemized. Atoll call typically 
represents the former while a purely local call 
typically represents the latter. And it will be 
recalled that the district call recorder was ar 
ranged to select a primary punching machine for 
all calls, whether local Or toll, On a signal from the 
sender and to cancel the record of the called office 
code and number for other than toll calls if the 
charges for local calls were to be obtained from 
message registrations on the subscriber's meter. 
However, where no meter is provided at the sub 
scriber's line, the call recorder preserves the rec 
ord of the called code and, if desired, the record of 
the called number. But the fact that the entire 
record of the call, whether local or toll, is so con 
tained on the primary tape does not mean that all 
items so recorded must necessarily be repeated on 
the secondary tape. In the case of local calls or 
calls to be charged for on a local rate basis as 
above described, the called office and number, 
although recorded on the primary tape, are not 
itemized on the bill. Hence, although this infor 
mation appears on the primary tape in code form, 
it must not appear on the secondary tape. It will 
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relay, relay 380 f, has three sets of contacts used 
for connection to the office code letter relays, as 
already described, another set of contacts for con 
trolling the charge for the call, as described here 
inafter, and yet another set of contacts which, 
when the relay is operated, grounds conductor 
33. In the case of calls to those offices which 
are to be reported on a bulk-billing basis and for 
which an itemized report of such calls is not to be 
furnished the code relay can be omitted entirely 0 
and conductor 3420 which is connected to its 
winding can be extended directly to the proper 
charge terminal on the zone switching blocks 3922, 
3923 and 3924. As a matter of convenience, two 
conductors are shown as extending from the code 
contact in Fig. 34, namely, conductor 3420 when a 
code relay is used, and conductor 42 when the 
code relay is not used. In the latter case, con 
ductor 842 extends directly to the zone switching 
blocks 3922, 3923, and 3924. Under such circum- o 
stances, the coincidence of the punched holes in 
the primary tape designating the called office and 
the consequent Operation of the corresponding 
pneumatics, will not cause a record of such desig 
nation to be perforated on the secondary tape, for, is 
in such a case, the entire translation of the of ice 
code, without the code relay, results in the ground 
ing of conductor 342. Since no code relay is thus 
operated, the punch magnets between punch post 
tions 1 to 15, inclusive, of the secondary tape can 0 
not operate. No office code record, therefore, is 
punched on the secondary tape. And, further, 
since there is no code relay, conductor 38 is not 
grounded so that, although the primary tape per 
forations of the called number cause the operation 
Of their corresponding pneumatics, nevertheless 
no punch magnet circuits are closed through their 
respective contact assemblies since these circuits 
are completed to ground on conductor 388 and to 
which no ground is now connected. Hence, the 40 
punch magnets Operating between positions 16 to 
35, inclusive, do not operate and no called number 
is recorded. 

It is entirely possible, of course, to suppress the 
perforation of the office code and number in the 4 
primary tape. The call recorder, which registers 
the digit impulses at the same time they are reg 
istered in the Sender, can be easily arranged to 
receive from the sender the zone of the calling 
subscriber and thereby the implied information as 0. 

... to whether the called number is or is not to appear 
On the bill. Under such circumstances, the 
ground which controls the completion of the cir 
cuits to the various magnets of the primary punch 
machine for recording said number can be placed s 
under the control of that signal. It is thought, 
however, that, for record purposes, it would be 
desirable to make a permanent record of the call 
and that such a record can be appropriately made 
on the primary tape. If the subscriber should dis- 00 
pute the accuracy of his bill with regard to local 
calls charged for in local service units, the oper 
ating company is in a position to prove to his 
satisfaction that some of the calls entered in his 
bill as local calls, although charged for on a local OS 
rate base, nevertheless have initial and overtime 
charges different from the standard local unit. 
Hence, in the preferred embodiment of the inven 
tion, I have disclosed what appears to me to be the 
more desirable commercial arrangement. But ?0 
either method is perfectly satisfactory and both 
are included as a part of the invention. 

Further, in the present embodiment of the in 
vention, and in order to show the completeness 
with which all items of information may be re 
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ported to the subscriber if so desired, the disclo 
sure is arranged to record all information on the 
secondary tape even though the call is completed 
within the local area. Since the called office Hali 
fax is assumed to be within the local area and One 
for which the initial call period is three times the 
base rate, this called office and number would 
ordinarily not be printed on the bill. We can, 
however, without injury to the description of the 
invention but simply to aid in its clarity assume, 
alternately, that the office Halifax is within the 
local area or Outside, of it, and that, in this in 
stance, it is outside, that is, in the toll area and for 
which the called , office code and number must 
appear as a separate item on the bill, making it 
necessary to punch a record of said office and 
number on the Secondary tape, as already de 
scribed. On the other hand, if the Office Halifax 
is Within the local area as Originally assumed and 
the charge for a call to which is to be made in 
multiples of the local Service unit and an itemized 
account of said call is not to be entered in the bill, 
the code relay 380 can be entirely omitted and 
conductor 342 extended directly to the zone 
switches, as already described. Now, when the 
office code and called number pneumatics operate, 
the absence of any connection to the letter trans 
lating relays on the one hand, and the absence of 
ground in conductor 383 on the other, will not 
cause the punch magnets from punch position 1 
to 35 to operate, thereby suppressing the called 
office and number from the record of the call on 
the secondary tape. 

Having recorded the called office and number on 
the secondary tape, it now becomes necessary to 
record the charge to be made for the call. This 
information is to be recorded in terms of local 
service units if the call is completed to an office 
within the local area and in terms of actual money 
charges if the call is completed in the toll area. 
Since the only information recorded on the pri 
mary tape which relates to the charge to be made 
for the call is the code of the Office to which the 
call is completed and the duration of the conver 
sation, the information to be recorded in the sec 
ondary tape is a translation of the time consumed 
for the call in terms of the local rate charge or the 
total money charge, in either case as determined 
by the prescribed rate for the office. This trans 
lation is achieved through the rate computer, 
shown in Figs. 39 to 41 inclusive. 
The structural arrangement of the rate com 

puter, as disclosed in the present embodiment of 
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the invention, is based on a predetermined rate 
structure. It involves the combination of means 
responsive to the elapsed interval of conversation, 
divisible into a predetermined initial period and a 
number of predetermined overtime increments 
thereof, and means responsive to the rate indica 
tion as determined by the code of the called office 
and the Zone of the calling office. This combina 
tion marks a group of contacts which are further 
utilized to operate a required number of magnets 
to punch the charge for the call in code form, in 
terms of multiples of local Service units or in 
actual money charges, different groups of magnets 
being reserved tó punch the different types of 
charges. 

Necessarily, then, the number of groups of 
marking contacts to be provided in the computer 
depends on the number of different conversation 
periods which may be obtained out of each base 
charge for the maximum period of conversation 
which can be registered. For instance, if the 
entire local area is divided into three calling zones 

35 
and the maximum conversation period which can 
be recorded is thirty minutes, then, on calls from 
offices located in the first zone the number of 
groups of contacts to be provided for this rate is 
a function of the initial period of sonversation, 
the overtime increments thereof and the maxi 
mun period of conversation. If calls from this 
ZOne are to be charged for on the basis of a five 
minute initial conversation period and thereafter 
in overtime increments of five minutes or fraction 
thereof, then, for a maximum conversation period 
of thirty minutes, there would be a possibility of 
six different charges as defined by the duration 
of the call. A group of contacts, therefore, is 
provided for each different charge. Or, again, on 
calls from offices located in the second zone for 
which the base rate may be assumed to be ten 
cents, the number of groups of contacts to be 
provided for this rate is likewise a function of the 
initial period of conversation, the overtime in 
crements thereof and the maximum period of 
conversation. If the calls from this zone to 
points outside of the zone but within the local 
area are to be charged for on the basis of ten 
cents for an initial period of conversation lasting 
five minutes and thereafter five cents for each 
three minute increment or fraction thereof, then, 
for a maximum period of conversation of thirty 
minutes there would be a possibility of ten dif 
ferent charges as defined by the duration of the 
call. And, in the same way, calls from zone 3 to 
points outside of the zone but within the local 
area. Which may be assumed to be charged for on 
the basis of fifteen cents for the initial five 
minute period of conversation and thereafter five 
cents for each two minute increment or fraction 
thereof, there would be a possibility of fourteen 
different charges as defined by the duration of 
the ca. 

In the same manner the maximum number of 
different charges for each toll rate provided may 
be determined. Once a group of contacts is fixed 
to represent a specific charge it remains fixed 
unless and until the rate structure is changed, 
at which time the maximum number of possible 
charges for each rate is redetermined by the 
newly defined initial and overtime periods as 
Signed for the rate. 

Obviously, once the charge is identified by a 
Specific group of contacts, the registration of the 
charge on the secondary tape may be controlled 
by circuits effective through said contacts. And 
the character of the registration may be adapted 
to conform to what the operating company finds 
suitable to report to the subscriber to be charged. 
The most prevalent practice, as already indicated, 
is to report each charge for a toll call as a 
Separate item in the money unit representing said 
charge while all local calls, that is, calls com 
pleted within the local area, are not so identified 
and are reported in bulk as so many local rate 
calls, including those for which the charge for 
the initial period is a multiple of the local service 
unit. If the registration mechanism of the com 
puter is adapted to the practice above illustrated 
and if it is borne in mind that the record as con 
tained in the secondary tape is what actuates the 
printing tabulator, as described hereinafter, then, 
each separate charge for each call emanating 
from zone 2 or 3 will have to lose its identity in 
the registration and has to be recorded simply as 
So many local calls of five cents each. The regis 
tration of toll calls, on the other hand, will be in 
terms of dollars and cents. It must be evident, 
then, that the registration of the charge itself 
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on the secondary tape is entirely flexible, is a 
function, not only of what is to be registered, 
but also of the characters by which the registra 
tion takes place. 
The registering mechanism of the computer, as 

contained in the present embodiment of the in 
vention, is based on the practice above described. 
It then follows that, in illustrating one form of 
registering mechanism, no limitation of the scope 
of this phase of the invention to any specific type 
of register is intended. Any form of registration 
which is responsive to a defining contact, or group 
of defining contacts, is within the spirit and scope. 
of the invention and not any particular structure 
which, in all events, must be consistent with the 
cooperating parts of the mechanism used for 
registration and the character of the information 
to be registered. 
The registering and computing circuit of the 

analyzer, arranged for Operation in accordance 
with the above practice, is shown in Figs. 36, 37, 
39 to 41, inclusive. It comprises a group of ten 
"minute' relays, 365 to 3624, inclusive, each re 
sponsive to the minutes pneumatic code record 
of a particular call and indicating how many 
minutes of the ten minute subdivision the call 
has lasted. Each of these relays has three pairs 
of contacts, and therefore, thirty pairs of contacts 
in all, the corresponding contact of each pair on 
each relay being multipled to each other and ex 
tended, through the front contacts of switching 
relay 26, to one-contact of the contact assembly 
of one of the "tens' pneumatics. The operation 
of one of the tens pneumatics, 8600, 360 or 
602, in response to a ten minute subdivision of 

the duration of a call, and the operation of a 
minute relay in response to the operation of the 
appropriate pneumatic or pneumatics of the 
minute code, causes the grounding of one pair 
of the thirty pairs of contacts carried by all the 
minute relays. 
From each contact pair of each minute relay is 

a conductor which extends to the winding of a 
multi-contact relay having thirty-six pairs of 
contacts. Since there are thirty pairs of contacts 
for all the minute relays, there are thirty multi 
contact relays, relays 400 to 4030, inclusive. One 
contact of each pair of contacts on each of said 
multi-contact relays is multipled to a correspond 
ing contact on every other multi-contact relay 
making, thereby, one continuous conductor of all 
of said contacts. Since each multi-contact relay 
has thirty-six pairs of contacts, there are, there 
fore, thirty-six common conductors to 86, as 
designated on Fig. 40, extending across all of said 
relays. 
Now according to the present embodiment of 

the invention, the computer is arranged to dis 
criminate between 12 basic rate charges, namely, 
three local rates, the five, ten and fifteen cent 
rate for local calls and of which the five cent 
rate is the local service unit, and nine toll basic 
rate charges, namely, the ten, fifteen, twenty, 
twenty-five, thirty, thirty-five, forty, forty-five 
and fifty cent base charges. Each of these rates 
is represented by a relay, namely, relays 3908 to 
99, inclusive. The winding of each of the toll 

rate relays, with the exception of relays 39, 398 
and 399, terminate on cross-connecting block 
3929. The Winding of each of the local rate re 
lays, namely, relays 390, 3909 and 390 termi 
nate on corresponding contacts on the right side 
of relays 926, 927 and 3928, respectively. Re 
lays 37, 39 and 899, representing the forty, 
forty-five and fifty cent base toll charges, respec 

tively, are not connected directly to terminal block 
2. They are controlled, instead, through the 

contacts of two other relays, namely, relays 82 
and 20 which are responsive, respectively, to 
the operation of the "night" and "evening" pneu- is 
matics 80 and 38. The rates represented by 
these three toll relays may change in the course 
of the day, and therefore, provision is made for 
adjusting the rate in accordance with established 
regulations for the evening and night revisions. 
When it is desirable to effect a similar change in 
the lower rates, relief relays may be introduced 
which will be likewise responsive to the night and 
evening pneumatics and the control of the lower 
rate relays extended through the contacts of 
these relief relays. 
The thirty-six conductors extending across the 

thirty multi-contact relays are divided into groups 
of three conductors each, there being, therefore 
twelve groups. Each group is now extended to 
the contacts of a rate relay. Conductors 1, 2 
and of the first group are extended to the five 
cent rate relay 888, conductors, 4, 5 and B to 
the ten cent rate relay 899-etc. concluding with 
conductors, 3 and 3 which extend to the 
contacts of the fifty cent base rate relay 39 O. 
Hence, the operation of any base rate relay re 
Sults in the grounding of three conductors which 
are common to the entire group of thirty multi 
contact relays. O 
The rate conductor from each of the local code 

relays, as for example, conductor 323 in the 
case of code relay 80, or conductor 342 for 
the same code where no code relay is used, is 
extended to the terminals of the switching blocks 
3922, 8923, 3924. 

Referring back to the assumption that the 
operation of the analyzer is herein described for 
its most extended application, that is, for a whole 
telephone area, it is assumed that all of the 
offices within that area are divided into a number 
of calling zones with respect to each of which 
different rates may apply for calls completed to 
offices Outside of the zone. Hence, the rate con 
ductor which extends either from the contacts of 
the called office relay, like relay 380, or the of ice 
code translator, like conductor 842, must be 
flexibly extended to the different base rate relays 
in accordance with the rate applicable to each 
of the different zones. Now for convenience of 50 
illustration, it is assumed that the entire tele 
phone area is divided into three calling zones 
with respect to all telephone offices within the 
area and that the entire area itself further com 
prises but one zone with respect to toll calls or 55 
all calls completed by any office within the area 
to any office outside the area as defined by the 
minimum base toll rate of ten cents. This divi 
sion, of course, is not strictly accurate as, in 
practical cases, the entire calling area may in- 60 
clude parts of the toll area as well and to this 
extent the number of calling zones is increased 
to take parts in of the toll area. Since, however, 
the principle of division is always the same, 
namely, the use of one base charge for a calling is 
Zone to all called offices within the area, the use 
of three calling zones will be sufficient to illus 
trate the manner in Which the rate computer of 
the analyzer can be adapted to any number of 
zones into which the telephone area may be 70 
divided. t 

Now at the time a primary tape is transmitted 
through the analyzer, not only is the of ice to 
which it belongs a matter of knowledge but also 
the various calling zones in which the lines of Ts 
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that office are located. As will be described here 
inafter the zone indication is recorded on a 
"master' tape in punch positions 46, 47 and 48, 
positions ordinarily reserved for the registration 
of the ten minute interval of conversation and 
is run through the analyzer ahead of the primary 
tape. Since but one of three zones is to be re 
corded in the example assumed, the operation 
of the corresponding pneumatic at that time by 
the master tape operates the analyzer to ground 
either conductor 363, 3603 or 3625 depending 
upon the zone. If the calling office is located in 
zone 1, a hole will have been punched in position 
46 in which event conductor 363 is grounded 
and a circuit is completed through the Outer back 
contacts of relay 3626, conductor 362, continuity 
contacts of zone relay 3926, winding of relay 392.6 
to battery. Relay 392.6 operates and locks to 
ground over conductor 3934 and contacts 300 
which are closed by lever 370 when a tape record 
is threaded over the tracker bar 30, thus lifting 
roller 3704 out of groove 3703 in the tracker bar. 
If, on the other hand, the calling office is in calling 
Zone 2, a hole will have been punched in position 
47. to register this fact, whereupon conductor 
3803 is grounded and a circuit is completed over 
the middle back contacts of relay 626, conduc 
tor 3628, continuity contacts and winding of the 
second zone relay 3927 to battery, operating this 
relay which also locks to the same off-normal 
ground. Again, if the calling office is in zone 3, 
a hole is punched in position 48, conductor 3625 
is grounded and a circuit is completed for zone 
relay 3928 which extends from ground on con 
ductor 3625, inner back contacts of relay 3626, 
conductor 3629, continuity contacts and winding 
of the third zone relay 3928 to battery. Relay 
3928 operates and locks to off-normal ground. 
When any of these three relays operates, an ob 
vious circuit is closed from ground over conduc 
tor 3984, the right outer contacts of said relay, 
conductor 393f, winding of relay 3626 to battery. 
Relay 3626 operates and transfers conductors 
363, 3603 and 3625 to the time register whose 
function is described hereinafter. 

Hence, as the result of initial perforations on 
the primary tape, made as described hereinafter, 
a zone relay is operated in the analyzer, which 
corresponds to the calling zone perforated on 
the primary tape. Prior to the running of the 
primary tape through the analyzer, however, the 
appropriate Zone switch 3922; 3923 or 3924 has 
to be set in Conformity with the calling zone 
recorded On the tape. Therefore, if the correct 
switch luas been set, and a code relay such as 
relay 3.825 is operated, the proper zone relay is 
operated, a path will be prepared from battery, 
through the winding of relay 3908, and the right 
inner contact of relay 3926, if the zone 1 switch 
3922 is operated, or through the winding of re-- 
lay 3909 and the contacts of relay 392 T if the 
zone 2 switch 3923 is operated, or through the 
winding of relay 39f O and the contacts of relay 
3928 if the zone 3 switch 3923 is operated. The 
path is further completed on the other side of 
the Switch to ground on the rate conductor 
which is grounded either at the contacts of the 
code relay if one is provided, or is grounded at 
the translating point of the code translator in 
Fig. 34, if one is not provided. 
Should it happen that the operated zone 

switch and the operated Zone relay do not corre 
spond, no path is provided for completing the 
circuit of any of the rate relays, in which event 
a rate relay can not operate. Since the path 

to the advance magnet 388 is controlled through 
a closure of the left contacts of any of the rate 
relays, the tape can not be advanced to record 
Subsequent calls. A suitable time alarm circuit 
is controlled through the back contacts of the 5 
advance magnet 388 and if said magnet does 
not operate in the prescribed length of time it 
takes for the primary tape to advance from one 
Set of perforations to another, an alarm is given 
which will call attention to the fact that the 10 
proper Zone switch is not the one which was op 
erated. In this way, the precaution is taken of 
making absolutely certain that the proper rate is 
applied for any given call. Thus, if the calling 
office is located in zone 1 and the called office is 
Halifax is located within zone 3, and the basic 
rate for a call from Zone 1 into zone 3 is fif 
teen cents for the initial charge period, con 
ductor 3823 or conductor 342 l, would be ex 
tend to each of the zone switches and zone switch 2 
3922 which would have been operated, would 
cause the energization of fifteen-cent relay 39 O. 
On the , other hand if the calling office is lo 

cated in Zone 2 and the called office Halifax is 
located in zone 3, and the basic rate for a 25 
call from Zone 2 into zone 3 is ten cents for 
the initial charge period, switch 3923 of the sec 
One Zone is thrown and the rate conductor of 
the Halifax office is thereby extended to the 
winding of the ten cent rate relay 3909. Sim- so 
ilarly, if the calling office is in zone 3, zone 3 
switch 3924 will have to be operated and the 
rate conductor of the Halifax office extended to 
the five cent rate relay 3908 since the basic rate 
for calls within the same zone is five cents for the initial charge period. 
On the other hand, if the called office is out 

side the local area and, of necessity, is in the toll 
area, then the rate conductor of that office would 
be extended to the winding of the appropriate (O 
toll base rate relay by appropriate cross connec 
tions between terminal blocks 3929 and 3930. 
Therefore, the grounding of a rate conductor 
and the setting of the zone switch, if the call is 
completed in the local area, or the grounding of 
the rate conductor, if the call is outside of that 
area, results in the operation of a rate relay 
which determines the rate to be applied in com 
puting the total charge for the call. Since, how 
ever, One group of the twelve groups of com- SO 
moned conductors extending across the thirty 
multi-contact relays 400-4030 is connected to 
the contacts of each of the twelve rate relays, the 
operation of a rate relay results in the ground 
ing of the group of conductors which are ex 
tended to its contacts. The operated rate relay 
further closes a circuit from ground on the con 
tacts of relay 3822, conductor 3833, left contacts 
of the operated rate relay, conductor 3932, wind 
ing of advancing magnet 3818 to battery. The 
magnet Operates, breaks its forward contacts to 
stop the alarm circuit while its pawl engages the 
next tooth in the ratchet wheel 3824 preparatory 
to advancing the tape on the release of the mag 
net, as described hereinafter. 65 
The operation of the rate relay, then, grounds 

a particular group of three conductors. The in 
terrelation of these conductors with the re 
mainder of the rate computer will be described 
shortly, but it is sufficient at present to note that 70 
the office code relay or conductor which desig 
nates the code of the office, furnishes a rate în 
dication for that code. From this indication and 
the record of the total conversation time, the 
translating computer, as described hereinafter, 5 



O 

S 

30 

70 

s 

38 
computes the total charge, either in call charge 
units or in actual money units. 

Returning, now, to the structural arrangement 
of the computer, the corresponding group of 
three contacts in each multi-contact relay which, 
when the relay operates, engage the three com 
mon conductors extending to the contacts of 
some one base rate relay, are further extended 
in groups of three to the cross-connecting termi 
nal block, 000. From the block each conductor 
in each group is further extended to the ap 
propriate contact set of multi-contact relay 8800 
which extends to the winding of a punch mag 
net in the group of magnets which registers the 
number of local call units in the case of local 
calls or to the winding of a punch magnet in 
the group of magnets which registers the actual 
money charges in the case of toll calls. 

It is manifest from the arrangement of the 
rate computer as above described that each group 
of three contacts on each multi-contact relay 
represents a specific charge, and that the charge 
to be made for any call is marked by the ground 
ing of the three common conductors extending to 
an operated rate relay and the operation of a 
particular multi-contact relay as determined by 
the ten minutes and the minute pneumatics. The 
group of three contacts on the multi-contact re 
lay so operated which contact with the three 
grounded conductors extending thereto, fixes the 
charge for the call being recorded on the sec 
ondary tape. In the case of local calls, it, how 
ever, has been assumed that the identity of the 
rate itself will have been discarded Once the 
total charge has been fixed in the computer 
by the marking of contacts which represent the 
charge and that said charge will be recorded 
simply as so many local calls at the local service 
rate. Hence, all groups of contacts on the multi 
contact relays appertaining to the 5, 10 and 15 
cents local base rate relays, that is, the groups 
of contacts in all multi-contact relays cooperating 
with common conductors to 9, inclusive, are ex 
tended to those contact sets of relay 3800 which 
close through to the windings of punch magnets 
operating in punch positions 59 to 64, inclusive, 
in appropriate code combinations for recording 
the equivalent number of charges in local service 
units for calls whose charges are marked by the 
respective group of contacts engaging the three 
separate groups of conductors f-, 4-6, -9. 
According to the time rate structure assumed, 
which makes the charge of the longest local call 
that having a base rate of fifteen cents for the 
first five minutes, five cents thereafter for each 
two minutes increment or fraction thereof, this 
call is to be registered as the equivalent of 16 
local calls at local service rate of five cents per 
call. Hence, magnets operating between posl 
tions 59 to 64 are divided into two groups, name 
ly, a group of two magnets operating in positions 
59 and 60 to register whether the number of local 
charges to be assessed is less than ten or more 
than ten, and another of four magnets Operating 
between positions 61 to 64, inclusive, to register, 
in terms of a four unit code, the units digit of 
the total number of local service charges to be 
assessed. Each contact of the contact pairs on 
relay 3800 which extends to the winding of one 
of the magnets of the first group is cross-con 
nected to the first conductor of the group of three 
which marks a local call charge, namely, to con 
tact set 59 if the total charge is less than ten 
local service units and to contact set 60 if the 
total charge is more than ten local service units. 

2,165,924 
To one or two contact pairs on relay 000 of the 
four contact pairs extending to the winding of 
punch magnets operating between punch post 
tions 61 to 64, inclusive, of the second group, are 
cross-connected one or two of the remaining con 
ductors of the group of three which marks a local 
call charge. They are Cross-connected as called 
for by the four unit code to represent one of the 
ten digits depending on the units number of 
the local charge. 

In the case of toll calls, each group of three 
contacts which marks the charge can not be ex 
tended directly to the punch magnets to record 
the charge in equivalent number of base charges 
but must be cross-connected, instead, to record 
the actual money charge. This registration may 
involve punching the record of three numbers if 
the total charge for any one toll call is limited 
to 8.00, requiring a code record for each digit 
thereof. For this purpose three groups of relief 
relays, 403 to 4084, inclusive, and 435 to 440, 
inclusive, and relays 404 and 402 are interposed 
between terminal block 40 and the punch mag 
nets to supply the additional conductors required 
by the four unit code for punching the code of 
the numerals 5 to 8, in the case of the dollars 
designation and 5 to 0 for the tens digit of the 
fraction of a dollar and 5 to 0 for the units of 
a dolar. 
The toll charge punch magnets comprise a 

group of four magnets operating between punch 
positions 36 to 39, inclusive, to record in the four 
unit code, the rumber of dollars to be charged 
for the toll call, a group of four magnets op 
erating between punch positions 40 to 43, inclu 
sive, to record in the four unit code the tens 
digit of the fraction of a dollar, and another 
group of four magnets operating between punch 
positions 44 to 47, inclusive, to record in the 
same code either the 5 or 0 units digit of the 
fraction of a dollar since a telephone call is not 
charged ordinarily on any other base than five 
cent increments. 
One contact of a set of three contacts closed 

by a multi-contact relay, for example relay Oil, 
is connected over terminals of blocks OST and 
404 directly through contacts of relay 8 to 
one of four punch magnets for punching a hole 
in one of punch positions 36 to 39 if the dollar 
charge is less than five dollars or is connected 
to the proper one of relief relays 48 to 44 
inclusive which in turn closes circuits over con 
tacts of relay 38DD to combinations of the same 
four punch magnets if the dollar charge is five 
dollars or more. A second contact of the set of 
three contacts is connected over terminals of 
blocks 4000 and 405 directly through contacts 
of relay 8800 to one of four punch magnets for 
punching a hole in one of punch positions 40 to 
43 if the fraction of a dollar charge is less than 
fifty cents or is connected to the proper one of 
relief relays 435 to 489 inclusive which in turn 
closes circuits over contacts of relay it to con 
binations of the same four punch magnets if the 
fraction of a dollar charge is fifty cents or more. 
The third contact of the set of three contacts is 
connected to either relay 44 which on operat 
ing grounds conductors extending over contacts 
44 and 45 of relay 880 to operate punch mag 
nets controlled thereover to register a five for 
the cents digit of the charge or to relay 4042 
which on operating grounds conductors extend 
ing over contacts 4 and 47 of relay 8 to op 
erate punch magnets controlled thereover to reg 
ister a zero for the cents digit of the charge. 
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2,165,924 
The structure of the rate computer, as a unit, 

will be more apparent by describing a few specific 
instances of its operation. The call which has 
been hitherto described; viz., Halifax 3678, has 
been assumed to have been made from a calling 
line in Zone 1 and to have lasted 15 minutes. It 
was also assumed that the Halifax office is in the 
third calling Zone. Hence, prior to the passage of 
the secondary tape through the analyzer, Zone 
switch 3922 is closed, and relay 926 operates as 
previously described. A circuit is now closed from 
ground on conductor 3823 or conductor 342 ?, zone 
switch 3922, next to outer right contacts of relay 
3926, winding of relay 390, to battery. Relay 
390 in operating, grounds conductors 7, 8 and 9. 
Since, further, the conversation has lasted fifteen 
minutes, a hole was punched in position 47 of the 
primary tape causing thereby the consequent op 
eration of pneumatic 360 and the grounding of 
conductor 3603 to indicate that the conversation 
has lasted more than ten minutes but less than 
twenty. The conversation, moreover, has lasted 
for five minutes beyond the ten minute period 
marked by position 47. Therefore, holes were 
punched in positions 50 and 51 in response to the 
setting of the minute switch of the district se 
lector, causing thereby the operation of pneu 
matics 3604 and 3605. A circuit is now closed 
from ground on the normal contact of the con 
tact assembly 360T, normal contact of the No. 1 
contact set of contact assembly 3608, alternate 
contact of the No. 1 contact set of operated con 
tact assembly 3609, alternate contact of the No. 
2 contact set of operated contact assembly 360, 
conductor 36, winding of five-minute relay 
369 to battery. Relay 369 operates. Since, 
however, conductor 3603 is grounded and relay 
3626 is operated as already described, a circuit 
is now completed from ground on said conductor, 
middle front contacts of relay 3626, middle con 
tacts of relay 369, conductor 362, winding of 
multi-contact relay 404 to battery. It is seen, 
therefore, that for a conversation lasting fifteen 
minutes, two relays were operated by the pneu 
matics, namely, the five-minute relay 369, and 
the multi-contact relay 404. Further, since the 
call is a local one having a fifteen cent base rate, 
relay 390 was operated by the office code relay. 
Hence, conductors 7, 8 and 9 are grounded by said 
relay which, in turn, extend to the corresponding 
make contacts of contact set 4054 of the multi 
contact relay 404. These contacts, as already 
indicated, are extended to terminal block 000 
and from thence are cross-connected to the con 
bination of punch magnets which perforate, in 
code form, the number of local unit charges which 
is to be made for a call that has lasted fifteen 
minutes to an office whose code relay 380 or 
charge conductor 342 caused the operation of 
the base rate relay 390. 

Since, in the computer, no discrimination is 
made between a local rate five cent call and a 
local rate fifteen cent call except that the latter 
appears on the bill as the equivalent of three 
five cent calls and since, further, each additional 
two minutes of conversation or fraction thereof 
is simply added as another five cent call, it is 
therefore apparent that the fifteen minute call 
under consideration would be the equivalent of 
eight local calls of five cents each. Consequently, 
with contact set 054 of multi-contact relay 404 
operated, charge conductor is not extended and 
charge conductors 8 and 9 are extended Over the 
middle and lower contacts of contact set 405, 
cross-connection blocks 4000 and 405, contact 

39 
sets 62 and 63 of relay 3800 for operating punch 
magnets 402 and 404 to punch holes in posi 
tions 62 and 63 for, designating in code form 
eight local charge units. 
As a further illustration let it be assumed that 

the call to the Halifax office lasted five minutes 
Or less in which case pneumatic 3600 operates.in 
stead of pneumatic 360. Conductor 363 will 
therefore be grounded and one or more of the 
minutes pneumaticS 360 to 360 inclusive will 
Operate in accordance with the number of min 

O 

utes the conversation has lasted. As a result, . 
One of the minutes relays 365 to 369 inclusive 
Operates. Hence, the grounding of conductor 
363 and the operation of one of the minutes 
relays results in the operation of either the first 
multi-contact relay 400, or the fourth relay 
4004, or the seventh relay 400, or the tenth re 
lay 400 or the thirteenth relay 4013, depending 
upon which of the minutes relays 365 to 369 
inclusive has been operated. The contact sets of 
any of these multi-contact relays which make 
contact with conductors 7, 8 and 9, grounded by 
the Operation of charge relay 390, will extend 
these grounded conductors to corresponding sets 
of terminals on terminal block 4000 which, how 
ever, will be cross-connected together on the 
terminal block and connected to a single set of 
terminals on block 4057. One of these terminals 
on block 405 will then be extended over contact 
set 63 of relay 3800 to punch magnet 404 for 
punching a hole in position 63 of the secondary 
tape to indicate three charge units for the call 
since the call has not lasted beyond the initial 
five-minute period. 
As a further illustration, it will be assumed 

that a call has been made from an office in zone 
1 to another office in the same Zone for which the 
base rate is five cents for the first five minutes 
of conversation and that the call lasted but one 
minute. 
be operated in this case and charge relay 3908 
would also be operated in order to ground charge 
conductors , 2 and 3. Minute relay 365 will be 
operated and pneumatic 3600 will ground con 
ductor 36 3 resulting in the Operation of multi 
contact relay 400. Relay 400 now extends 
grounded conductors , 2 and 3 over its contact 
set 4055 to terminal block 4000. Since the charge 
to be made for the call is five cents or Only one 
local charge unit, the conductor extending from 
the contact of contact set 4053 making with 
grounded conductor 3 is cross-connected from 
block 4000 to the terminal block 4057 which fur 
ther connects with contact set 6 of multi-con 
tact relay 3800. 

Zone switch 3922 and relay 392.6 would 
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When, therefore, relay 3800 is . 

operated, the computer setting as above described . 
will compete a circuit to punch magnet O2 
which, on operating, causes a hole to be punched 
in punch position 61 to designate, in code form, : 60 
that one local charge of five cents is to be regis 
tered for the Cali. 

If the conversation on a five cent call has lasted 
six minutes, then the minimum charge against 
the subscriber would be two local charge units. 
Minute relay 3620 will have been operated by the 
appropriate minutes pneumatics and, due to the 
operation of pneumatic 3600, indicating a con 
versation period of less than ten minutes, an ob 
vious circuit will have been closed to the six 
teenth multi-contact relay, that is, relay 406. 
In this case, however, although the base charge 
is still five cents, yet the total charge Will be 
equal to two local charges or ten cents and this 
fact, in the rate computer, is determined by 
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34, 35 and 36. 

cross-connecting the conductors extending from 
the three contacts of contact set 06 on relay 
406 engaging with conductors , 2 and 3, to the 
punch magnets operating between punch posi 
tions 61 to 66, inclusive, in accordance with the 
code to be punched to represent two local 
charges. Since the units registration of the num 
ber of local charges is accomplished by the per 
foration of holes between punch positions 61 to 
66, inclusive in accordance with the code and 
since, further, the numeral 2 would be repre 
sented by a hole punched in position 62, only the 
conductor which extends from the contact of 
contact set 4056 that engages grounded conduc 
tor 3 is further extended from block 4000 to con 
tact set 62 of relay 3800. On the operation of 
relay 3800, the punch magnet 4 operates and 
punches a hole in position 62, to register, in code 
form, two local charge units for the call. 

In the case of tell calls involving the operation 
of any basic rate charge relay 9 to 99, in 
clusive, the charge punchings on the secondary 
tape do not represent local charge units but the 
actual charge in dollars and cents. The reason 
for this is the fact that toll calls are not subject 
to bulk billing and are usually listed separately 
as a part of the monthly bill. The most usual 
practice is to list all the toll calls on a separate 
slip, together with their listing and total charges 
and transmit it to the subscriber along with the 
regular bill containing the bulk summation of all 
calls within the local area. 

For example, if the call Halifax 3678 were as 
sumed to be a toll call instead of a local one, and 
its base rate were fifty cents for the first three 
minutes and fifteen cents thereafter for each 
one minute or fraction thereof, then, if the call 
lasts for fifteen minutes, the total charge would 
be $2.30. 
In this case, the rate conductor 823, instead of 

having been extended to the zone switches, would 
have been extended to terminal block 980, from 
which it would then be cross-connected to that 
terminal on block 3929 which is further connected 
to the winding of the fifty cent base rate relay 
399. This terminal, for convenience, has been 
marked 3933 and extends to the winding of relay 
399 by way of the outer right back contact of 
relay 392, and the outer right back contact of 
relay 3920. Consequently, when conductor 882 is 
grounded by the operation of the office code relay 
380, relay 399 operates in the path above de 
scribed, thereby grounding common conductors 

Further, since one of the zone 
relays 3926, 3927 and 3928 will have been op 
erated because the entire local area has been as 
sumned to be divided into three local zones, relay 
3626 operates in the manner already described 
and transfers conductors 36, 803 and 625 to 
the armature contacts of the minute relays. 
Through the left contacts of relay 899 a circuit 
is completed from ground on the left contact of 
relay 3822, conductor 383, left inner contacts of 
relay 3919, conductor 832, winding of advance 
magnet 388 to battery. Magnet 388 operates, 
its pawl engages the next tooth on ratchet 3824 
preparatory to advancing the take-up spool 389 
and, at the same time, breaks the armature con 
tacts to stop the alarm circuit. The toll call con 
versation has been assumed to have lasted fifteen 
minutes. Hence, relays 3649 and 4014 are op 
erated in the manner previously described and the 
three contacts of relay 404 which have engaged 
the grounded conductors 34, 35 and 36 extend 
these conductors to a set of terminals on block 
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4000, which are cross-connected to terminals oil 
block 405 T. Since the three contacts on relay 
404 which engage conductors 34, 35 and 36 nark 
a total charge of $2.30, conductor 34 is extended 
to contact set 3 of relay 3800, conductor 35 is 
extended to contact set 42 of relay 3800, while 
conductor 36 is extended to relief relay 4042 
which, on operating, grounds contact sets 46 and 
47 of relay 3800. When relay 3800 operates 
punch magnet 404 punches a hole in position 37 
to record the digit 2, the Operation of punch 
magnet 4048 punches a hole in position 42 to 
record the digit 3 while punch magnets 4049 and 
4050 punch holes in positions 46 and 47 respec 
tively, to record the digit 0. The charge $2.30 is 
thus recorded on the secondary tape as a part 
of the call record. 

If, in connection with this call, the "evening' 
rate is assumed to apply, then a hole is punched 
in position 45 of the primary tape, in consequence 
of which, pneumatic 508 Operates and closes the 
circuit of relay 8920 by grounding conductor 
3507. The operation of relay 8920 opens the path 
to the winding of relay 399 and closes one to 
the winding of the forty cent base rate relay 
39 which can be assumed to be the evening 
rate where the day rate is fifty cents. It will fur 
ther be assumed that with a base rate of forty 
cents, ten cents instead of fifteen cents will be 
charged for each minute of overtime conversa 
tion. Consequently, the ground on conductor 
3823 is effective in this case to operate relay f 
Over a circuit extending through the Outer right 
back contact of relay 02, outer right front con 
tact of relay 3920, winding of relay 8 to bat 
tery. Relay 39 ft operates and grounds con 
ductors 28, 29 and 30 which, as already described, 
extend to correspondingly numbered contacts on 
all multi-contact relays that, in turn, terminate 
in groups of three on block 4000. The operation 
of multi-contact relay 44 extends ground over 
the contacts (not shown) engaging conductors 
28, 29 and 0 to a set of terminals (not shown) 
on block 4000. One of these terminals is further 
cross-connected to contact set of relay 3800, 
another to the winding of relief relay 2 (not 
shown) in the group 48 to 434 and which, 
when operated, grounds conductors connecting 
with contact sets 0 and 2 of relay 800, while 
the third is cross-connected to relay 402 which, 
when operated grounds conductors connecting 
with contact sets 4 and 47 of relay 30). This 
particular cross-connection, representing the 
charge of $1.60, causes the operation of punch 
magnets 4052, 4053, 8048, 4049 and 405 causing 
holes to be punched in positions 36, 40, 42, 46 
and 47 to record in code form 81.60. 

If the call is made at a time when the "night' 
rate applies, then the rate Code would have caused 
a hole to have been punched in position 44 of the 
primary tape, which would cause the operation 
of pneumatic 3509 and the subsequent operation 
of relay 392 over an obvious circuit. It will be 
assurned that the night rate is thirty-five cents 
and that ten cents is charged for each minute of 
overtime conversation. In this case, the rate 
conductor 3823 which has been assumed con 
nected to terminal 9 would be transferred to 
the thirty-five cent rate relay 39 over the outer 
right front contact of relay 392. This rate relay 
would ground common conductors 25, 2 and 27 
in the same manner as relay 39 grounds con 
ductors 28, 29 and 30, the extension of which 
through a contact set (not shown) of relay 404 
to terminal block 4000 and the further extension 
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thereof to contact sets 3, 4, 4, 4 and of 
relay I causes the operation of punch mag 
nets to punch holes in the corresponding punch 
positions for the registration of the charge $155 
which is the charge marked by the group of con 
tacts on relay 44 engaging common conductors 
25, 2 and 27. 
The remaining information which has to be 

recorded on secondary tape is the date which, it 
will be remembered, is punched in eleven posi 
tions of the primary tape, beginning with pinch 
position 54 and ending with punch position 64. 
The pneumatics controlled through these posi 
tions, like those which are controlled through 
positions 24 to 43 and involving the called num 
ber, control the grounding of conductors extend 
ing directly to the contact sets of multi-contact 
relay 3800 through which the grounds are then 
further extended to the windings of the several 
punch magnets which, on operating in the appro 
priate combination called for by the code for each 
of the remaining items, that is, the month and the 
day, (the latter subdivided into a tens and units 
code) cause corresponding holes to be punched 
in the secondary tape to record therein the same 
information and in the same code the date set 
ting contained in the primary tape. The punch 
positions 48 to 58 on the secondary tape corre 
spond to positions 54 to 64 on the primary tape. 
Consequently, the registration of the date July 
17th of assumed call, which was recorded by 
holes punched in positions 54, 57, 59, 61 and 64 
will now be recorded by holes punched in posi 
tions 48, 51, 53, 55 and 58 of the secondary tapc. 

It is thus clear that the secondary tape corn 
prises a transverse series of perforations ar 
ranged in definite groups and in appropriate codes 
to indicate the following information for a toll 
call: the called office, the called number, the total 
money charge, the date. For a local call, if the 
alternative wiring such as conductor 342 is used, 
the only information is a record of the number of 
local charge units to be charged for the call since 
with no route relay such as 380 operated, the 
office code is not translated and recorded on the 
secondary tape and no ground is connected to 
conductor 383 for circuits controlled by the 
called number and date pneumatics. 
As the primary tape advances over the tracker 

bar 30 and the perforations of the terminal 
group record are Succeeded by an interval of un 
punched tape, the pneumatics are re-inflated, 
and, with the re-inflation of pneumatic 302, relay 

4 releases, and the circuit of slow-release re 
lay 3822 is opened. Since this relay is made slow 
to release, it will release after an interval where 
upon the circuit of tape-advancing magnet 388 is 
Opened and magnet 38, on its back stroke, ad 
vances the secondary tape one step to provide 
thereby a fresh supply of unpunched tape for 
recording the next call from the same subscriber's 
line. Relay 3822 is made sufficiently slow to re 
lease to allow sufficient time for the release of all 
punch magnets and their associated circuits as a 
result of the re-inflation of all pneumatics. The 
operated zone relay 3926, 892T or 3928 and relay 
3626 are held operated by off-normal switch 300 
until the primary tape has passed through the 
analyzer. 
Separate entries for each call involving the 

same subscriber's line terminal are entered on 
successive lines so that the secondary tape con 
tains a plurality of horizontal series of perfora 
tions, each series representing the data of one 
connection. 
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tape from another. 

41 
And in the same manner, as the primary tape 

advances across the tracker bar and the calls ap 
pertaining to different subscribers are presented 
for translation, the line-finder terminal perfora 
tions recorded with each call will cause the 
analyzer to select, in succession, each of the 
several punch machines assigned to the Separate 
terminal numbers for recording on their cooperat 
ing secondary tapes, the data of the call recorded 
with the line-finder terminal number perfora 
tions. 
From what has been described thus far, the 

secondary tape made for each subscriber's line 
contains a perforated record of each call made 
from said line over a defined billing period, as 
each of said calls is to be entered in the sub 
scriber’s monthly bill. This record contains: (1) 
a perforated record of each local call in terms 
of the total local charge units to be assessed for 
the cal; (2) a perforated record of each toll call 
in terms of the total money charge for the call, 
as well as the record of the called office code, the 
called subscriber's number and the date. 

However, it must be realized that since the 
analyzer contains a punching machine for each 
line in One-half of a line-finder frame, that is, 
two hundred punching machines, a similar record 
is made for each line Without any indications on 
the secondary tape to distinguish one secondary 

But each secondary tape 
must be identified with the Subscriber to which 

it appertains because the printing tabulator, as 
described hereinafter, must receive some signal 
which marks the subscriber to which the particu 
lar secondary tape belongs. 
The description of how and what forms the 

substance of this indication has been postponed, 
however, until the making of the secondary tape 
had been described because the perforation of 
the required information to indicate the sub 
scriber’s directory number is likewise based on 
the punching of a code which indicates that 
number. In point of time, however, and as 
already indicated, this information is punched on 
the secondary tape before any of the calls are 
recorded thereon. 
As previously pointed out, the perforated record 

of all calls for the entire subdivision of two 
hundred lines On the primary tape gives the call 
ing party's line-finder terminal number but not 
his telephone number, the relation between one 
and the other being purely arbitrary. It is, how 
ever, customary to handle the subscriber's ac 
count by his telephone number and consequently 
it become necessary to translate the line-finder 
terminal-number into the subscriber's directory 
number for accounting and billing purposes. 
The record of the line-finder terminal-number, 

the telephone number and class of Service to 
which the line is entitled is kept in the wire chief's 
department. From this information a “Master 
Record' is prepared on a tape of the same width 
as the primary tape and with the same code 
perforations and the same spacings as the primary 
tape. The master record contains the line-finder 
terminal-numbers of two hundred Subscribers' 
lines in the code previously described and on the 
same lines therewith the directory numbers of said 
subscribers, with a last entry to denote the class 
of service to which the lines are entitled, all in 
the same code. For purposes which are described 
hereinafter, the perforations comprising the line 
finder terminal-number appear in the same cor 
responding positions as the perforations of Said 
number on the primary tape, i.e., positions 1 to 
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42 A 
11; the perforations comprising the code of the 
corresponding directory number, however, are 
punched in punch positions 24 to 43, inclusive, of 
the primary tape, while those relating to the 
calling zone are punched in punch positions 46 to 
48, inclusive, of the primary tape. Since these 
positions in the primary tape are used, respec 
tively, for perforating the directory number of 
the called subscriber and the ten-minute in 
tervals of elapsed conversation time, it is ob 
vious that the directory number and class of 
service of a calling subscriber can likewise be 
punched thereon to effect the same reperforating 
equipment in the secondary punch machine. 
Therefore in addition to and preceding the per 
forations of the called number and elapsed time 
interval of the first call there may be recorded in 
the punch positions allotted therefor, and in the 
same code, the directory number and the calling 
zone of the entire calling line group. 
The master record above referred to may be 

perforated by a hand-operated perforating ma 
chine or by any other suitable means. The line 
finder terminal code, for instance, may be per 
forated on the master record blank by means of a 
permanent die, these perforations being the same 
for all master records since each master record, 
so far as line-finder terminal number arrange 
ments are concerned, is the same for each half 
of a line-finder frame. 
The master record tape only needs to be pre 

pared by hand initially. But at each billing pe 
riod it must be brought up to date. Where 
changes are required between line-finder termi 
nals and directory, numbers, they may be made 
by pasting a strip of paper over the telephone 
number and class of service perforations to be 
changed and then reperforating this tape to in 
dicate the new number or class of service change. 
In the case of a "take-out' the covering of the 
telephone number and the class of service per 
foration with a blank strip of paper Will suffice. 
Should a master record become worn or have too 
many corrections, it will be a simple matter to 
produce a new copy by feeding the old One 
through a punching machine of the character 
described. W 

Prior to running the primary tape of a par 
ticular group of lines through the analyzer, the 
master record tape is run first. As the line-finder 
terminal number code perforations for each sub 
scriber’s line become coincidental with the track 
er holes of the pneumatics in the analyzer which 
are responsive to the line-finder terminal num 
bers, the particular multi-contact relays, such 
as relay 3800, appertaining to the secondary 
punching machines of said line-finder terminal 
numbers are operated as already described to 
associate the proper secondary punching ma 
chines with the analyzer. Simultaneously there 
with the perforations in positions 24 to 43 com 
prising the directory numbers of the calling sub 
scribers corresponding to the line-finder terminal 
numbers become coincidental with the tracker 
holes of the pneumatics responsive to the code 
perforations of the called subscriber's number 
and, through operations in the analyzer already 
described, the codes of said directory numbers 
are perforated on the secondary tapes as the first 
item on said tapes and in punch positions 16 to 
35 thereof, that is, in the same punch positions 
in which the numbers of the several called sub 
scribers will subsequently appear, ground for the 
punch magnets being connected over the right 
back contact of relay 862 to conductor 8. 
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Assuming that there are three zones, then, when 
the master record has advanced to the last or 
zone perforation, the calling zone perforation is 
made in either position 46, 47 or 48, and result 
in the operation and locking of relay 92 or 
392 or 892 as already described, followed by 
the operation of relay 25 which removes the 
ground from conduetor 383. Where the num 
ber of zones exceeds three, then the perforations 
may be made in a code suitable to the registration 
of each of the entire number and the number 
of zone relays and zone switches shown in Flg. 
39 may be increased in conformity therewith. 
As the punched holes of the master tape are 

followed by an intervening space of unpunched 
tape, the secondary punching machine apper 
taining to the particular line-finder terminal 
number releases as already described with the 
exception of the operated zone relay 892, 827 
or 928 and relay 28. The succession of the 
next transverse series of punches relating to an 
other line-finder terminal number and its corre 
sponding directory number then causes the se 
lection of the secondary punching machine ap 
pertaining to this next line-finder terminal num 
ber. In this manner, the master tape operates 
the analyzer and causes it to select, in succession 
each one of the two hundred secondary punching 
machines for perforating on each of their sec 
Ondary tapes the telephone number and class of 
service indications of each of the corresponding 
two hundred lines. The first line perforations 
of the secondary tape record, therefore, the di 
rectory number of the calling subscriber and the 
calling Zone in which the of ice- appertaining 
thereto belongs. 

Just before the master record tape has been 
completely run through, the individual primary 
tape to which said master record appertains is 
then inserted and run through the analyzer to 
record on the separate secondary tapes all the 
calls made by the separate subscribers in the line 
group, as already described care being taken that 
ground on conductor 3984 is not disturbed by 
any false release of switch T0. 

Section 3-The printing tabulator 
The secondary tape is assumed to contain a 

record of all local and toll calls for a billing pe 
riod made from the station to which the tape 
appertains. Consequently, when the tape is corn 
pleted it is ready for passage through the print 
ing tabulator, which is responsive to the per 
forations denoting the several calls. The tabu 
lator, through its operation, adds up the local 
calls in the equivalent number of local charge 
units and prints the total charges therefor on 
what may be called the "local service charge' 
bill. It further prints an itemized list of all toll 
calls On a separate slip together with their indi 
vidual charges and the total of these toll charges. 
Any commercial printing tabulator, or electric 

typewriter, with an adding attachment capable 
of performing the above functions is contem 
plated for use as a part of this invention and 
the mechanism selected for illustrating its most 
generalized application is the one commercially 
known as the Hollerith tabulator disclosed in 
Patent No. 685,608 to H. Hollerith dated October 
29, 1901, together with the improvements made 
thereon as disclosed in Reissue Patent 16,304 to 
C. D. Lake dated March 30, 1926, and Patent No. 
1,600,413, also granted to C. D. Lake on Sep 
tember 21, 1926. This tabulator, of course, is of 
a kind principally adapted for operating in con 
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junction with a punched card of relatively small 
dimensions containing various punched codes of 
accounting and bookkeeping items and the like. 
It is proposed, therefore, that while the operat 
ing mechanism and the associated circuits of this 
tabulator shall remain undisturbed as far as pos 
sible, nevertheless it is obvious that some in 
portant modifications of its structure will have to 
be made in order to adapt it for operation with 
the continuous secondary tape of the character 
above described and for printing and tabulating 
the character of the information perforated 
therein. Hence, while this specification describes. 
the operating features of such modifications as 
are both novel and necessary to the complete 
operation of my invention, it is not intended to 
burden this specification with a detailed descrip 
tion of the entire mechanism of the printing 
tabulator or of its well known mechanical parts 
with which persons skilled in printing tabulator 
mechanisms are entirely familiar. Reference, 
however, is made to the above mentioned patents 
for a more complete description of Such parts 
of the tabulator as are omitted from the follow 
ing description. 
As already indicated, the Hollerith commercial 

printing tabulator uses a punched card through 
the holes of which electrical brushes close elec 
tric circuits controlling the separate magnets 
which effect the positioning of their respective 
counters. While the use of the same brush con 
tacting system could be used in cooperation with 
the perforations of the secondary tape with the 
necessary re-alignment of the contacting brushes 
in a single horizontal row to agree with the hori 
zontal perforations of the i call registrations of 
the tape, it is thought that the use of the pneu 
natic system used for controlling the electrical 
elements involved in the perforations of the sec 
ondary tape appears to me to be a more desirable 
arrangement for illustrating the modification of 
the tabulator. In this manner, the ease with 
which the tabulator for any System of electro 
mechanical recording can be modified to coop 
erate with the mechanism of the tabulator is 
thereby demonstrated. 
As already indicated, the printing tabulator 

herein disclosed uses a pneumatic system for con 
trolling the electrical elements which operate in 
response to the perforations in the secondary 
tape. This pneumatic system comprises a series 
of valves, each adapted to control the movable 
member of a pair of bellows, normally kept in 
flated by air at atmospheric pressure, when the 
valve is lifted by atmospheric air entering a valve 
chamber that is kept at partial vacuum. The 
collapse of the bellows controls the Operation of 
a signaling device. And, of course, when the 
supply of outside air is cut off by the secondary 
tape covering the aperture through which the 
air is admitted, the valve chamber is again re 
duced to a partial vacuum, the valve is reseated 
in the chamber roof, the bellows are again ex 
panded, and the contacts carried thereby to close 
the circuits of the signaling device are opened, 
leaving said device under the control of a sepa 
rate locking circuit. Accordingly, the pneumatic 
system has a tracker-bar with atmospheric open 
ings connected to a number of valve chambers 
equal to the number of punch positions in the 
secondary tape, while the motor control of the 
feeding mechanism is made responsive to the 
presence of the tape on the surface of the track 
er-bar. 

Figs. 43 to 53, inclusive, arranged as shown in 

43 
Section III of Fig. 1, illustrate the presence of 
the secondary tape across the tracker bar of the 
tabulator. There are sixty-four pneumatics to 
correspond with the sixty-four punch positions 
of the secondary tape. Most of these pneumatics 
each controls a contact assembly which, sepa 
rately Or in combination with contact assemblies 
of other pneumatics of the code group register 
ing a particular item of information, controls the 
responsive circuits of the tabulating and record 
ing mechanism as more particularly described 
hereinafter. The tracker bar 4300 is shown ex 
tending across Figs. 43 to 53 inclusive with the 
secondary tape 430 threaded over it. In Fig. 
53 is disclosed a spring depressed rocker arm 
502 that carries a roller 5308 which is held light 
ly in the groove 5304 of said tracker bar by spring 
Bes when no tape is on the traeker bar and 

causes the arm controlled contact switch assem 
bly 5360 to be held open. When, however, the 
tape covers the surface of the bar and hence also 
the surface of the groove, roller 5303 is forced 
Out of the groove 5804, tilting the arm 5302 and 
thereby causing the closure of contacts 5306, 
365 and 350. The closure of contacts 5306 

closes the circuit of the tape feed motor control 
50, said circuit being controlled through the 
left back contacts of relay 58 which is normal 
at this time, operating the main shaft motor 
(not shown) for advancing the tape. The clo 
Sure of contacts 550 closes the circuit of tabu 
lator motor control 53 which revolves the shaft 
308 and shaft cams 438 and 5308 keyed thereto. 
The tape O is thus advanced across the face 
of the tracker bar 4300, bringing successive rows 
of call perforations into coincidence with the 
tracker bar holes. The advance of said tape 
and the speed of rotation of countershaft 4308 
are so adjusted with respect to each other that, 
with relay f unoperated, the shaft 438 makes 
One revolution between one series of perforations 
on the tape and the next. 
Looking at the tape from left to right, the 

punch positions as therein shown are identical 
with those shown in relation to the punch mag 
nets of the secondary punch machine, and the 
tracker bar holes correspond with the punch po 
sitions of the tape. The coded information 
therein recorded, therefore, is in the following 
Order: 

Called office code---- Positions 1 to 15 inclusive. 
Calling line number 
Called Office A Positions 16 to 35 inclusive. 
Toll charges-------- Positions 36 to 47 inclusive. 
Date------------------- Positions 48 to 58 inclusive. 
Local charges------- Positions 59 to 64 inclusive. 
The general principle controlling the modifica 

tion of the tabulator for operation with this in 
vention is: 

(A) The setting of the appropriate letter 
wheels and counters in the case of toll calls for 
printing (i) the letter code of the called office 
and the number of the called subscriber, (2) the 
money charge therefor, (3) the date; 

(B) The setting of the appropriate counters 
in the case of local calls for adding up the total 
number of minimum local charge units for all 
calls beyond the minimum of such charges al 
lotted to a subscriber for a billing period and at 
stated rates which may diminish with the tota 
units used at prescribed rates. 
The printer mechanism of the tabulator can 

be conveniently divided into two parts, one part 
responsive to the toll entries which may be print 
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ed on a separate slip of paper as entered, and the 
other part responsive to the local service units 
which are added successively. 

Referring to the above mentioned drawings 
for a description of each of the above modifica 
tions, the pneumatics responsive to each of the 
punch positions 1 to 5, inclusive, each operate 
a multi-contact relay. 433, 43, 48), 48 and 
482. The pneumatics Operate in response to the 
perforations contained in these positions which, 
it will be recalled, are code perforations indica 
tive of a particular letter designating the first 
letter of the code of the called office. 

It will be recalled that the code perforations 
punched in positions 1 to 5 correspond to the 
five-unit code representing the first letter of the 
called office code and since, generally speaking, 
this letter may be any one of the twenty-six 
letters of the alphabet, the pneumatics operate 
în such combinations as to ground any One of 
twenty-six different conductors, one for each let 
ter. These conductors, are extended to the twen 
ty-six separate segments of the commutator 
488. Since, however, the letters Q and Z are 
generally not used in office codes, the conductors 
extending to segments Q and Z of commutator 
488 may be omitted. The distributor brush 
8 and letter wheel 4 are mounted on sleeve 
482 and normally do not partake of the rota 
tional novement of shaft 48, as described here 
inafter. 

In order to describe how the setting of the let 
ter wheel 43 f6 is effected, consider the operations 
of that part of the apparatus which is shown in 
Fig. 43. When the secondary tape is attached to 
the tracker bar and the contacts 80 of the con 
trol apparatus are closed and, as a result thereof, 
the tape is advanced to the position where the 
perforations of the first call are coincidental with 
the corresponding tracker bar openings, then, 
since the name of the called office assumed for 
illustration is Halifax, with holes punched in po 
sitions 3 and 5 for designating the letter H, pneu 
matics 437 and 438 collapse and cause the op 
eration of their associated multi-contact relays 
430 and 432 respectively. These relays, in op 
erating, close their contact assemblies and, in 
particular, close their respective No. 1 contact 
sets to common conductors 439 and 4828, lock 
ing each of these relays to battery through con 
tacts 426 controlled by cam 488, which contacts 
are closed at this time. A circuit is now closed 
extending from ground over the No. 5 contact set 
of multi-contact relay 432, No. 5 contact set of 
multi-contact relay 43 f6, conductor 4320, to com 
mutator Segment H. 
Now the letter wheel 436 and brush 485 are 

mounted on sleeve 433 which is mounted loosely 
on shaft 4308 which is constantly driven at a 
uniform speed by the motor (not shown) operat 
ing in synchronism with the moving tape as al 
ready mentioned. Thus, the turning movement 
of the shaft will not actuate the sleeve 482 until 
it is brought into positive connection therewith. 
The connection of the sleeve with the shaft 408 . 

circuit of clutch magnet 4322 and the circuit of is effected by means of a clutch 482 comprising 
clutch teeth on wheel 36 cooperating with 
teeth on disk 434, splined on the shaft 808 so 
that it will slide on the shaft and turn therewith. 
This clutch member is effective only in one direc 
tion of rotation thus avoiding any reversal of 
movement and permitting the operation of the 
mechanism at high speed and without objection 
able vibration. The spring retracted armature 
4328 of the clutch control magnet 422 is in thc 
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form of a bell crank and the depending arm of 
said crank is suitably connected to the hub of the 
clutch disk 2. When the control magnet is 
energized, its armature will be attracted toward 
the magnet and the movement of the armature 
will carry the clutch disk connected therewith in 
to locking engagement with the letter wheel 436. 
The operation of relay 43D, or 432, also closes 
a circuit for relay 28 in series with the clutch 
magnet 422 extending from ground on the No. 2 
contact set of either relay, winding of relay 4824, 
contacts of relay 4325, clutch magnet 322, con 
tacts 320, to battery. Contacts 432 are con 
trolle by cam 48 keyed to shaft 488 and is timed 
so as to close contacts 482 at the beginning of 
one revolution of the shaft and open then at the 
end. Magnet 422 operates and throws the re 
volving clutch disk 44 into engagement with the 
letter wheel 48 ft. Relay 4824 operates and locks 
through its contacts in series with the magnet 
422. The control of the letter wheel by mag 
net 22 thus established by the operated pneu 
matics las maintained notwithstanding the rela 
tively brief duration of the pneumatic contact 
assembly closures which are operated only dur 
ing the coincidence of the punched holes with 
their associated tracker bar channel openings. 
Further, the previously grounded conductor 430, 
traced through the contact paths of the operated 
multi-contact relays, is also undisturbed by the 
re-inflation of the pneumatics and the consequent 
Cpening of their respective contacts since the 
multi-contact relays 43 and 412 originally op 
erated by the collapse of the pneumatics, are now 
locked under the control of contacts 42 inde 
pendent of the pneumatic contacts. The mag 
net circuit is locked under the control of the 
contacts of relay 425 and contacts 432B which 
latter are arranged to break the circuit simul 
taneously through magnet 4322 as well as other 
magnets, as described hereinafter, by the con 
stantly revolving cam 488 carried by the main 
shaft at the instant the advancing tape brings 
the next series of holes into nearness with the 
holes of the tracker bar. 
In the meanwhile, the engagement of the 

clutch disk 4 with the letter wheel 4 in 
parts movement to the latter. Since, however, 
the distributor brush 43 of the commutators 
connected to wheel 43 through sleeve 482, the 
novement of the wheel, when engaged with the 
clutch, imparts movement to the distributor arm 
also. As the wheel revolves, successive letters on 
its periphery are advanced to face the sight pO 
sition and, at the same time, distributor brush 

is rotated over the successive segments of 
commutator 4. When the letter H on the 
tape wheel is advanced to the sight position, the 
distributor arm is in contact with commutator 
sement H whereupon a circuit is closed from 
battery through the winding of relay 4325, com 
nutator ring 4327, distributor brush 435, com 
mutator segment H, conductor 432 to ground on 
the No. 5 contact of relay 482 as previously de 
scribed. The operation of relay 4825 opens the 

relay 24, causing both of them to release. The 
release of magnet 422 throws out the clutch 
disk 44 which disengages the letter wheel, caus 
ing it and the distributor brush 4 f5 to remain 
at rest in the position at which they are stopped, 
that is, with the letter H on the periphery of 
the letter wheel in the sight position and the 
distributor arm in contact with segment H of the 
commutator. In the meanwhile, as letter wheel 
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48 B revolves, gear 4829 revolves with it. This 
gear connects with the type-setting mechanism 
of the printer so that the positioning of the let 
ter wheel simultaneously positions the corre 
sponding printing wheel for the subsequent 
printing of the first letter designation of the call. 
The setting of the printing mechanism is accom 
plished in any suitable manner and hence is 
neither shown nor further described herein, ex 
cept to mention that, with the operation of re 
lay 4325, a path is closed from the printer motor 
control terminal T to conductor 430 which, as 
described hereinafter, loops to other letter and 
numerical wheel mechanisms for completing the 
printer control circuit when all of said wheels 
have been set in response to the other perfora 
tions of a given record. 
The letter wheel 436 has now been set to con 

form with the code registration of the first letter 
of the called Office code and while the shaft 
4308 continues to revolve after the disengage 
ment of the clutch, the position of the letter 
wheel remains undisturbed. At the end of the 
revolution, that is, just before the tape begins 
to uncover the tracker bar openings with the 
perforations of the next call record, cam 433 
opens contacts 4326 and unlocks multi-contact 
relays 43C and 432 which now release. 
Simultaneously with the positioning of letter 

wheel 436 of the first letter of the office name, 
all other wheels, involving the remaining two 
letters, as well as those comprising the called 
number and date are similarly and simultaneous 
ly set. Shaft 4308 is continuous and carries all 
the clutch discs for driving other indicating 
wheels. For the purpose of not incumbering 
this specification, only those wheel combinations 
which are electrically or structurally different 
from the one described will be explained in de 
tail while the others will be briefly indicated. 

Fig. 44 shows the letter wheel mechanism for 
the second letter of the code at 400 and the 
letter wheel for the third letter of the code at 
440 f. Each of these wheels is set at the same 
time as letter wheel 436 since the perforations 
of one call record become coincidental with the 
tracker bar openings simultaneously. Further, 
as the second letter of the code is A and the code 
of which requires perforations in punch posi 
tions 6 and 7, the operation of multi-contact re 
lays (not shown) responsive to the operation of 
corresponding pneumatics cause a ground to be 
extended to conductor 4402 which through the 
operation of relay 404 stops the letter wheel 
4408 with letter A on its periphery in the sight 
position. At the same time relay 440 extends 
the path from the printer motor control termi 
nal T from conductor 4330 through its left con 
tact to conductor 4406. 

In the same way, the letter wheel 4409 for the 
third letter of the office name is revolved until 
the latter L is in the sight position, at which time 
ground on conductor 4403, closed thereto by the 
operation of multi-contact relays responsive to 
pneumatics operating in positions corresponding 
to punch positions 12 and 15 for the code of the 
letter L, closes a circuit to operate relay 4405 
which opens the circuit of the clutch magnet, 
stops the letter wheel and associated distributor 
brush from any further displacement and fur 
ther extends the printer control path to conduc 
tor 44OT. The position of the three wheels, in 
their sight positions, now display HAL to con 
form with the directory name of the called office 
name while the printer type wheels geared to 

45 
the separate letter wheels are set to correspond 
ing letter positions. 

Fig. 45 discloses in detail the electro-mechani 
cal apparatus for controlling the setting of the 
thousands digit wheel. It comprises a multi 
contact relay responsive to each pneumatic re 
spectively, a numerical wheel 450 with each of 
the ten digits designations on its periphery, a 
fixed commutator 450 and the distributor brush 
4509, all mechanically arranged as the similar 
combination shown in Fig. 43. 
When, in response to a perforation in punch 

position 18, the code perforation for thousands 
digit 3 of the assumed called subscriber's num 
ber 3678, the pneumatic 4505 opérates, an ob 
vious circuit is closed for relay 4506 which, on 
operating, locks through its No. 1 contact set 
to battery on conductor. 4328. A path is further 
closed from ground through the normal contact 
of the No. 3 contact set of relay 45ff, the alter 
nate contact of the No. 3 contact set of relay 
4506, the normal contact of the No. 4 contact set 
of relay 456, the normal contact of the No. 5 
contact set of relay 452, conductor 4507 to seg 
ment 3 on Commutator 450. At the same time, 
a circuit is closed from ground on the No. 2 con 
tact set of relay 4506, conductor 454, winding of 
relay 4502, back contact of relay 4504, winding of 
magnet 4503, conductor 4328, contacts 4326, to 
battery. Relay 4502 operates and locks to ground 
on its contacts while magnet 4503 operates and 
engages the clutch disk 453 with the number 
wheel 450 and rotates it until the numeral 3 
on its periphery is in the sight position at which 
time distributor brush 4509 will have been ro 
tated to segment 3, whereupon a circuit is closed 
from battery through the winding of relay 4504, 
commutator ring 4508, distributor brush 4509, 
commutator segment 3, conductor 450 to 
ground. Relay 450 operates, closes another con 
tact of the series path of the printer control ter 
minal T, opens the circuit of magnet 4503 and 
relay 4502, the latter unlocking and the former 
disengaging the clutch disk 453 from wheel 450, 
causing it thereby to remain in the position in 
which the numeral 3 appears in the sight posi 
tion. When, just prior to the movement of the 
next series of punched holes on the tape into 
coincidence with the associated tracker bar holes, 
the shaft has completed its revolution, cam in 
terrupter 433 f breaks the contacts 4326 where 
upon battery is removed from conductor 4328 
and multi-contact relay 4506 released. The tab 
ulator has thus positioned the thousands wheel 
for the first or thousands digit of the called Sub 
scriber's number and the printer has been simi 
larly positioned through gear 456. The setting 
of the number wheel 450 and associated type 
Wheel for other thousands digit values will be 
apparent by tracing each of the conductors ex 
tending to the digital segments of the commu 
tator 450 to ground at one of the relays 452, 
457, 4506 and 45 fl. 
Punch positions 20 to 23 control pneumatics 

which are responsive to the code perforations of 
the hundreds digit of the called Subscriber's 
number while punch positions 24 to 27 control 
pneumatics which are responsive to the code per 
forations of the tens digit of said number. The 
equipment and controlling circuits for the setting 
of the corresponding number wheel mechanims 
4600 and 460 are the same in both cases as that 
for the thousands digit, already described, and is, 
therefore, but diagrammatically indicated in Fig. 
46, Since the hundreds digit of the called num 
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ber is 6, requiring a perforation in punch posi 
tions 20 and 22, the operation of the multi 
contact relays (not shown) responsive to the 
pneumatics of these positions causes ground to 
be connected to conductor 460 connecting with 
the sixth segment of the commutator, causing 
thereby a positioning of the wheel to display the 
numeral 6. In a substantially similar manner, 
ground is connected to conductor 402 by the 
operation of the tens pneumatics in response to 
the code perforations of the digit 7 in punch 
positions 24 and 27. The printer control path is 
then extended from conductor 4ll over con 

Punch positions 28 to 31, and 32 to 35, both 
inclusive, are responsive, respectively, to the code 
perforations of the units digit and the station's 
letter. The equipment and controlling circuits 
for setting the corresponding number wheel 
mechanisms 400 and 40 in each of these cases 
is the same as that for the thousands and hun 
dreds digits and is, therefore, but diagrannati 
cally illustrated in Fig. 47. For setting number 
wheel mechanism 4700, conductor 4 is ground 
ed in response to operations resulting from Iper 
forations in positions 29 and 30 for the digit 8 
and causes the wheel to be positioned for the 

30 

40 

SS 

s 

digit 8. Wheel 4TO is not disturbed for the as 
sumed case since the called number does not 
have a station's letter. 
The pneumatics of Figs. 48 and 49, operative 

in punch positions 36 to 47, inclusive, are respon 
sive to the perforations of the codes which desig 
nate the total money charge for a toll call. 
Punch positions 36 to 39, inclusive, designate the 
dollar charges and, through the operation of the 
control circuits responsive to the operations of 
the pneumatics in these punch positions, cause 
the setting of the dollar wheel mechanism 800 
to correspond to the dollar charge designated 
by the code perforations in said positions. 
Punch positions 40 to 43, inclusive, designate 

the tenths of a dollar charge and, through the 
operation of the control circuits responsive to 
the pneumatics in these punch positions, cause 
the setting of the tenths of a dollar wheel mech 
anism 480 to correspond to the tenths of a dollar 
charge designated by the code perforations in 
said positions. w 
Punch positions 44 to 47, inclusive, designate 

the “cents' charge. In this case, however, only 
the O and the 5 setting is necessary since, as 
already mentioned, toll calls are only charged 
for in five cent increments. Hence, the pneu 
matics responsive to the perforations in these po 
sitions respond to the 0 or 5 code, each response 
grounding conductor 490 and 4902, respectively, 
for setting the “cents' wheel 4900 either to the 0 
or to the 5 position. The pneumatics for post 
tions 44 to 47, inclusive, do not carry contacts 
adapted to operate multi-contact relays. The 
contact assemblies required to close the neces 
sary circuits are only three in number, well with 
in the lifting power of each of the pneumatics 
and, therefore, the contact assemblies are con 
nected directly to the moving members of the 
bellows. It will be obvious, of course, that relays 
could be provided if desired. 
As already mentioned, the mechanism for 

printing the total charges is driven by the three 
separate gears controlled by the wheels 4800, 
480 and 4900, respectively. This mechanism 
may take the form of a separate type wheel of 
similar construction to the wheels shown and, 
of necessity, Will take the same setting as each 
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of the separate wheels which are positioned for 
a particular toll charge. These printing wheels 
may, in turn, be geared to a group of integrat 
ing printing wheels which will be positioned suc 
cessively to add up the charge of each additional 
toll call as the record thereof causes a new set 
ting of the wheels which control them. When 
the entire record has been analyzed and a record 
of the individual toll items made, the total toll 
charges may be printed from the setting of the 
integrating wheels through a control which may 
be exercised by relay 5344, as suggested here 
inafter. 

It should be noted, however, that if the as 
surned call is completed within the local area 
there will be no perforations. On the tape between 
positions 36 to 47 and also none in the other pre 
viously discussed positions relating to the called of 
fice code and number as well as none in positions 
48 to 58, inclusive, to be discussed presently, which 
contain the code perforations of the date when 
the call was made. In fact, the perforations of 
a local call record are only those which may be 
contained between positions 59 to 64, and hav 
ing to do with the codes of the charges in local 
service units since these codes are the only perfo 
rations made on the secondary tape for a local 
call. ' 
Punch positions 48 to 51, inclusive, designate 

the code of the month in which the call was 
made. The electro-mechanical equipment made 

O 
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responsive to the pneumatic Operations is the 
same as that previously described for any of the 
digits of the called number except that the 
wheel 5 carries twelve indications on its pe 
riphery, one for each month of the year, while 
the commutator 50 is correspondingly divided 
into twelve segments with a conductor connected 
to each segment, each of which conductors is 
extended through the appropriate combination 
of the multi-contact relays responding to the 
pneumatics which, in turn, operate in the con 
binations called for by the four-unit code as 
shown in Table DK. 

In the case assumed in which the call to Hal 
fax 3678 was made on July 17, holes were punched 
in positions 48 and 51 in response to the code for 
this month whereupon the corresponding pneu 
matics and multi-contact relays operate and 
ground conductor 500s which, by operations cor 
responding to those previously described, causes 
the wheel 50 to stop when the designation 
“July' on its periphery has been revolved to the 
sight position. Gear 5004 revolves with wheel 
5000 to set the printer type to correspond with 
the month designated by the setting of the Wheel 
5000, while the operation of relay 5003 to stop 
the wheel from further rotation, advances the 
printer control path from conductor 93 to con 
ductor 5002. 

Perforations made between punch positions 
52 to 58, inclusive, designate the day of the 
month on which the call was made; punch posi 
tions 52 to 54, inclusive, designating the tens 
subdivision thereof, and punch position 55 to 58, 
the units subdivision. In this case, however, the 

4) 

45 

mechanism shown in Fig. 51 comprises a num - 
ber wheel 50), a tens commutator 50, with 
its distributor brush 50, and a units commu 
tator SO2 with its distributor brush 504, the 
brushes 503 and 504 and wheel 500 being con 
nected by sleeve 26 which is normally loose 
on shaft 488. The tens commutator is divided 
into three segments, one for each tens Subdivi 

70 

sion of the month, and the units commutator 75 
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into thirty-one segments, one for each day of the 
month. The first segment of the tens commu 
tator has a circular length equal to that of the 
first tens Subdivisions of the units commutator, 
the second segment a circular length equal to 
the Second tens subdivisions, while the third 
segment has a circular segment equal to the last 
eleven Subdivisions. To the first segment ex 
tends conductor 55 connecting with a contact 
on relay 56, to the second extends conductor 
5 connecting with a contact on relay 50 and 
to the third extends conductors 5 fe connecting 
with a contact on relay 5f 9. 
Now, the call Halifax 3678 was assumed to have 

been made on the seventeenth day of the month 
and the code perforations which designate this 
date consist of a hole in position 53, one in posi 
tion 55 and a third in position 58. Consequently, 
when the perforations of the call record are 
aligned over the tracker bar openings, pneu 
matics 529, 505 and 506 operate and cause the 
obvious operation of relays 50, 508 and 509, 
respectively, which lock over their respective No. 1 
contact-sets to battery on conductor 4328. Over 
their No. 2 contact-sets, ground is applied to con 
ductor 50 which causes a circuit to be closed 
from ground on said conductor, winding of relay 
Sl?, back contact of relay 52, winding of clutch 
magnet 53 to battery on conductor 4328. Relay 
5 and clutch magnet 5 3 operate, the former 
locking through a circuit including its contact 
and the latter throwing the clutch disk into en 
gagement with the numerical wheel 500 caus 
ing the latter to revolve with the shaft 4308. As 
the wheel revolves, distributor brushes 503 and 
504 advance over their respective Commutators. 
Since, however, a circuit over one of the conduc 
tors which are connected to the separate segments 
of commutator 502 can only be completed by the 
application of ground to conductor 520 which 
is done through the operation of relay f, 
distributor brush 504 can Only be effective in 
completing the circuit of relay 52 if relay 5 f4 
is operated. The circuit of relay 54, however, 
is completed only when the distributor brush 503 
has revolved to the beginning of that segment 
which has battery connected to it. For instance, 
the call being illustrated, having been made on 
the seventeenth and relay SO having been op 
erated in consequence of the perforation of the 
code of the tens subdivision of the mouth, bat 
tery is connected to conductor 5 fl. Hence, while 
the distributor brush 503 is on the first segment, 
that is, while distributor brush 504 is on any 
One of the first ten segments of its own Connul 
tator, relay 54 remains normal. When, how 
ever, the shaft rotates sleeve 526 to the point 
where distributor brush 503 makes contact with 
the second segment, at which time distributor 
brush 504 makes contact with segment , a 
circuit is closed from ground through the Wind 
ing of relay 54, commutator ring 59, dis 
tributor brush 503, second segment of commu 
tator 50, conductor 57, No. 3 contact set 
of relay 50 to battery. Relay 54, operates, 
locks over its right contact to battery on con 
ductor 4328 while over its left contact it connects 
ground to conductor 520. As, now, the shaft con 
tinues revolving and distributor arm 504 ad 
vances to segment , a circuit is completed from 
battery through the winding of relay 52, con 
mutator ring 52, distributor brush 504, con 
ductor 522, alternate contact of the No. 6 con 
tact-set of relay 508, normal contact of the No. 
5 contact set of relay 5i 27, the normai contact 
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of the No. 4 contact set of relay 523, the alternate 
contact of the No. 3 contact set of relay 509, con 
ductor 20, to ground on the left contact of 
relay 54. Relay 52 operates, extends the 
printer control path fron conductor 5002 to con- 5 
ductor 24, opens the circuit of magnet 53 
which releases and throws the clutch disk out of 
engagement with the wheel 500 thereby causing 
it to come to rest with the numeral 17 on the 
periphery of the wheel in the sight position. 10 
Gear 525, in the meanwhile, has rotated with 
wheel 500 to set the corresponding printing 
mechanism for printing the numeral 7. 
This concludes the setting of the tabulator for 

items which are printed as a part of a toll call, 5 
consisting of the called office code, the numerical 
designation of the called line, the toll charge in 
dollars and cents and the date on which the call 
was made. 
As already mentioned, the operation of relay 20 
S2 closes another contact of the printer con 
trol path extending the path to conductor 524. 
This conductor terminates in one contact 5348 
of a Switch 5349 corresponding to contacts desig 
nated 5 and 54 in Fig. 36 of said patent, Re. 25 
16,304 to Lake, above referred to. When these 
contacts are closed the circuit is completed to 
the printer control from terminal T of the printer 
control cross-connected to terminal Tat the con 
tact of relay 4325, thence extended by the oper- 30 
ation of relays such as 4325, as previously de 
scribed, through the series circuit above described 
extending to conductor Sf 24, contacts 5348 and 
5349 to the other side of said printer control of 
Fig. 53. The printing apparatus of the tabulator, 35 
having been set in accordance with the setting 
of the wheels, the printing circuit is now operat 
ed to cause the various items to be printed in 
accordance with the indicator wheel and printer 
settings. At the end of one revolution, cam 433 40 
Open contacts 326 which removes ground from 
conductor 432 unlocking thereby all the relays 
locked thereto in preparation for the re-setting 
of the wheels for the next call. 

In case the perforated record of a call is that is 
of a local call, then there are no perforations 
whatever in any of the punch positions between 
1 to 58, inclusive. The only perforations present 
in the record in this case are those between po 
sitions 59 to 64, inclusive, which is the record, in 50 
Code form, of the number of local charge units 
to be assessed for the call. In such an event 
the only part of the tabulator which is re 
sponsive to the perforated record, is the integrat 
ing local charge computer, diagrammatically ill- 55 
lustrated in Figs. 52 and 53. 
In order to describe the operation of the inte 

grating computing mechanism which is respon 
sive to the code of a local charge and which fur 
ther integrates all the local charges appearing to 
On one secondary tape, it will be assumed that 
the call Halifax 3678 represents a local call for 
which a charge of eight local service units is 
to be made, as already explained in the descrip 
tion of the rate computator of the analyzer. Fur- 5 
ther, in order to understand the arrangement 
of the Computing mechanism, it is desirable first 
of all to indicate briefly what functions are to be 
accomplished by said mechanism. r 
According to the most prevalent telephone to 

charging and billing practice with respect to what 
are known as message rate subscribers, telephone 
rates in large metropolitan areas are computed 
on the basis of an allowable defined maximum 
number of local calls for a given billing period is 
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and for a stipulated minimum charge. Beyond 
that defined number of local calls, the remaining 
local service charges are computed at a rate per 
unit which diminishes with the total units used. 
For instance, subscribers may be given a maxi 
mum of sixty-five calls a month for a certain 
monthly charge, say, of $4.00 a month. The 
next one hundred calls may be charged at the 
rate of five cents each, the next hundred after 
that at four and one-half cents, the next hun 
dred at four cents and next hundred at three 
and one-half cents. Therefore, the integrating 
mechanism of the printing tabulator which con 
trols the associated printing apparatus for print 
ing total local charges for a billing period, must 
be responsive to the several discriminations in 
the rate structure. Hence, the computing mech 
anism disclosed in this specification for adapta 
tion to the commercial printing tabulator is ar 
ranged to (1) add up a required number of local 
charges which correspond to the number allowed 
over the billing period for the contracted mini 
mum billing charge and eliminate thern from 
any further consideration since the charge for 
these calls is, presumably, otherwise taken care of 
in a manner such as hereinafter described; (2) 
add up the required number of calls beyond the 
allowed maximum, compute the charge at the 
prescribed rate for each given number and cause 
the printing mechanism to print the total charges 
computed at the different rates. 

Referring now to Figs. 52 and 53, it will be 
seen that there are five commutators, viz. U24, 
5222, 228, and 524. To the segments of 
commutator 2 are connected the marking 
conductors which extend to the contacts of re 
lays 5205, 5249, 5250 and U25, controlled by the 
pneumatics responsive to the units digit code per 
forations of the total charge. The ground to 
any of these conductors is controlled through the 
left back contact of relay 530 by way of con 
ductor 50 and is further controlled over the 
contacts of the relays above-mentioned so that 
when these relays operate either singly or in 
combination in response to a units code of the 
local charges, ground is extended to any one of 
the conductors. The wiring organization of the 
pneumatically controlled unitas multi-contact re 
lays is identical with that of the pneumatically 
controlled relays shown in Fig. 4.5 and, therefore, 
is not shown in detail. Conautator 228 is the 
tens commutator. Since, in the present embodi 
ment bf the invention, the rate structure assumed 
limits the maximum number of local charges 
for the longest local call to 14, there is but one 
conductor extending from the tens pneumatical 
ly responsive multi-contact relays, through the 
back contacts of relay to the number 1 seg 
ment of commutator US22. 
In this connection it will be observed that two 

punch positions, 59 and 60 on the tracker-bar, 
are reserved for the tens designation of the local 
charges, and two pneumatics, 522 and U208, are 
provided to respond to corresponding perforations 
in the tape. However, inasmuch as the dis 
closure of the present embodiment of the inven 
tion is predicated upon the assumption that the 
total of local charge units for any One call is 
fourteen, it is only necessary, as described later, 
to provide but one signal to indicate the differ 
ence between a call having less than ten charge 
units and one having more than ten. A per 
foration in position 59, for instance, indicates 
that the total of charge units for the call is less 
than ten, while a perforation in position 60 in 
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dicates that the total of charge units is more 
than ten but less than twenty. Should it be 
necessary to modify the mechanism to indicate 
a greater number of charges, say more than 
twenty but less than thirty, both perforations 
could be utilized to give this indication and the 
pneumatic equipment responding thereto and the 
electromechanical equipment controlled thereby. 
could easily be modifled to provide a correspond 
ing control of the call recording apparatus, whose 
number of revolutions, in registering the total 
call units for any call, depends, of course, upon 
the maximum total for which the equipment is 
designed. In the description which follows, 
therefore, no use is made of pneumatic 522 which 
Operates when the total charged units are less 
than ten but pneumatic S28 is utilized when it 
responds to a perforation in position 60 to indi 
cate total charge units of more than ten but less 
than twenty. The perforations in position 59 
and the equipment responding thereto have been 
disclosed in the present embodiment of the in 
vention to show the ease with which the inven 
tion may be modified and expanded to include 
a record of as many local charge units as de 
sired, it being evident that position 59 can be 
combined with position 60 and with other posi 
tions, if necessary, to give the record of the 
number of charges. 
Commutator 222 is but a feeding mechanian 

and its relation to the rest of the computing ap 
paratus will becorne apparent from the descrip 
tion of the operation which follows 
Assume, first, that the number of local charge 

units to be assessed for the call is eight. Since 
the total of these charges is less than ten, pneu 
matic 522 is operated in punch position 59 
although as already explained it performs no 
useful function. The units pneumatics U23 and 
5248 operate in response to the code perforations 
in punch positions 62 and 63, respectively, for 
the units digit 8, causing thereby the operation 
of relays 2U and U24 which lock to battery on 
conductor 28 in the same manner as the oper 
ation and locking of previously described pneu 
natically responsive multi-contact relays 
Therefore, a path is extended from ground on 
the left back contacts of relay SO, conductor 
USD), through a normal contact of relay U2OU, 
alternate contacts of relays U.49 and S2U and a 
normal contact of relay U2, conductor SDO to 
segment of commutator 24. In the mean 
while, the operation of relays and U2 fur 
ther closes a circuit from ground on contacts 

which are controlled by can 88 keyed to 
the main shaft 808 and timed to close contacts 
8D at the beginning of the revolution and open 
then at the end, left contact of relay 5809, con 
ductor 33, contacts of relay 5249 and 520, con 
ductor 32, right outer back contact of relay 
58, back contact of relay 53, conductor 534, 
winding of start magnet 2 to battery. Now 
commutators. U24 and 222 are fixed but their 
respective distributor brushes 525 and 522 
which occupy relatively similar positions on their 
respective Commutators, are keyed to the shaft 
29, which further engages with main shaft 
480 through friction clutch 28, Shaft 52 
also carries gear 52 which is permanently 
meshed with gear 27 and gear 255 through 
which rotation is imparted to gear 525B, having 
unity gear teeth ratio with gear 525. Gear 525B, 
on the other hand, is mounted on an auxiliary 
shaft with gear 257 which meshes with gear 
52U8 that drives gear 522 through the clutch 
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