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Lesson No. 1 

FUNDAMENTALS OF TELEPHONY 

This Lesson covers the basic theory of the Telephone and Telephone 
Switching, together with the general features of the various Switching Systems. 
Comparisons are drawn between the various Dial Systems and the Manual Switch­
ing System to assist in understanding the various Switching Machines. 

Information contained herein is to be used only for training purposes. 
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PRINCIPLES OF TELEPHONE SWITCHING 

Function - The function of any Telephone Switching System is to connect 
together temporarily the Lines of any two Subscribers so they 
may talk. 

Step bY Step Dial 
Central Office 

Subscriber Line - A 2-wire Path between a Subset (Telephone) and the 
Switching Equipment in the Central Office. 

2-Wire ( T, R) Subscriber 
Line, 

Trunk - A 2-wire Path (T, R) between two Central Offices. 

No. 1 
Crossbar 

Dial 
Office 

2-Wire (T, R) Trunk 
~ II' 

\Outgoing Trunk Incoming Trunkj 
from No. 1 
Crossbar Dial 
Office. 

/ 

to 
Panel Dial 

Office. 

/:1 ,,( 
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Requirements of a Telephone Switching System 

1) Originating Calls - Each Subscriber Line must have access through the 
Switching Equipment to all other Subscriber Lines 
terminating in that Central Office, as well as to 
all Outgoing Trunks to other Central Offices. 

Subscriber 
Lines ) • v 

Step by 
Step Di.al 
Central 
Office 

No. 1 
Crossbar 

Dial 
Central 
Off ice 

No. 5 
Crossbar 
llial Gen. 

Office 

Tandem 
Central 
Office 

Toll 
Central 
Office 

2) Terminating Calls - Each Incoming Trunk must have access to all ~ 
scriber Lines in a Central Office. 

No. 5 
ossbar 
Dial 

en.Ofifue 

Tandem 
Central 
Off ice 

Toll 
Central 
Office 

Step by 
Step Dial 
Central 
Office 

Panel 
Dial 

No. 1 
Crossbar 
Dial 

Central 
Office 

Incoming Trunks • Subscriber Line,.-

Tandem Office - A Central Office used as an intermediate Switching Point for 
traffic between other Central Offices. 

Toll Office - A Central Office for completing Calls to destinations outside the 
Local Service Area of the Calling Station. 

- A. -
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Telephone Switching Systems 
1) Manual 
2) Dial 

a) Direct Dial Control 
b) Gommon Control 

Manual Switching System 
1) Subscriber Lines are cabled to Jacks mounted on a Switchboard. 
2) Operators connect Subscriber Lines together manual.J.y by inserting 

Plugs on the ends of Cords into Jacks. 

Dial Switching Systems 

CALLING 
SUBSCRIBER 

------..,-Jacks 

I 

41---Swi tchboard 

-Answering Cord, which 
connects to Calling 
Subscriber Line 

Calling Cord, which 
connects to Called 
Subscriber Line. 

1) Subscriber Lines cable to electro-mechanical switches, instead of Jacks. 

2) The Calling Subscriber operates a Dial, which transmits electrically 
the Called Telephone Number to the Switching Equipment in the Central 
Office. 

3) Direct Dial Control - Switches respond directly to Dial Pulses as the 
Calling Subscriber dials the digits of the Called Telephone Number. 

Calling 
Subscriber 
Dials "367" 

0 
0 
C> 

0 
ooo 

Switch 
#1 

OoOO 
Switch 

#2 
Switch 

#3 
Called 
Subscriber 

No. 11367" 

4) The Step-by-Step Dial Switching System is a Direct Dial Control SystAm. 

- 5 .. 
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5) Common Control Switching Systems - The dialed digits of the Called 
Telephone Number are registered in the Common Control Equipment, which 
uses the stored information to: 

1) Select an Idle Talking Path, through the Switching Frames, 
between the Calling and Called Subscribers. 

2) Close through the Talking Path. 
3) Then the Common Control Equipment releases, to be used in 

setting up other Calls. 

r·-__ --. _____ __::. NO.__Q_<ll.OS...§_BAR_!)IAL_fil'STEM~ 
LINE LINK FRAME TRUNK LINK FRAME I 

e=~_JI·_ . ..I- __ A)Dialing C~annel"""'-- Trunk Link I 
I T,R,aL T,R,a s I 

Calling 
Subscriber 

I
·. June tor _ 1 .Swi:tohing Frames 

1 Line Link and 
', / Trunk Link Frames I Channel; 

Line 
Links/ 

I 

Called 

I 
I 

I 
Subscriber I 

7
-7""--., 

' Line Link ' =----== ...... 

Talking Path. - Heayy Lines 
Broken Lines indicate 

temporary connections 
between frames in· setting 
up a Call •. -------.J 

I 

MARKER 

I 
I 

NUMBER 
GROUP 

ORIGINATING ~-----------l 
REGISTER 

Common Control• 
Equipment I 

Replaces the . 

I _____ _ 
Manual 

Operator 

A) Dialing Channel - Between the Calling Subset and the 
Originating Register - made up of: 
1 ) Line Link, 
2) Junctor, 
3) Trunk Link. 

B) Originating Channel - Between the Calling Subset and ) 
the Intraoffice Trunk- made up of:) 
1) Line Link, ) 
2) Junctor, ) 
3) Trunk Link. )_ Talking Path 

C) Terminating Channel - Between the Intraoffice 1'runk ) 
4) Common Control Switch- and the Called Subset-made up of:) 

1 ) Trunk Link, ) 
ing Systems: 2) Junctor, ) 
a) Panel Dial 
b) No. 1 Crossbar Dial 3) Line Link. ) 
cl No. 5 Crossbar Dial 
d Cro:ssbar Tandem 
e Crossbar Toll. - 6 -
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EARLY DEVELOPMENTS IN DIAL SWITCHING SYSTEM) 

+Table I -List of United States Patents on Automatic Telephone Exchanges 

Issued During the Years 1879-1900, Inclusive.* 

Appllcatlon Application Number Dale Issued Patentee llate Number Date Issued Patentee Date 
222,458 Dec. 9, 1879 Connolly & McTighe Sept. 10, 1879 528,591 Nov. 6, 1894 Childs, W. May 27, 1890 
223,201 Dec. 30, 1879 Westinghouse, G. Jr. Oct. 11,1879 530,324 Dec. 4. 1894 Callender, R. Dec. 18, 1893 
223,202 Dec. 30, 1879 Westinghouse, G. Jr. Oct. 13, 1879 533,893 Feb. 12, 1895 Hey & Parsons Mar. 30, 1893 
224,565 Feb. 17, 1880 Westinghouse, G. Jr. Oct. 27, 1879 535,806 Mar. 12, 1895 Nissl, F. Feb. 17, 1894 
237,222 Feb. 1, 1881 Westinghouse, G. Jr. Feb. 7, 1880 537,603 Apr. 16, 1895 Decker, W. May 14, 1894 
248,138 Oct. 11. 1881 Buell,C. E. June 15, 1881 538, 975 May 7, 1895 McDonough, J. W. May 21. 1891 
255,766 Apr. 4, 1882 Buell,C. E. Dec. 12, 1881 540, I 68 May 28, 1895 Keith, Lundquist & Erickson Nov. 7, 1894 
262,645 Aug. 15, 1882 Connolly & McTighe Aug. 29, 1881 543,160 July 23, 1895 Shibata, W. Y. Oct. 11, 1894 
262,646 Aug. 15, 1882 Connolly, M. D. Nov. 29, 1881 543.708 July 30, 1895 Shibata, W. Y. Nov. 24, 1893 
262,647 Aug. 15, 1882 Connolly, M. D. Nov. 8, 1881 546,725 Sept. 24. 1895 fBerditschewsky et al. Mar. 27, 1895 
263,862 Sept. 5, 1882 Connolly, M. D. Oct. 29, 1881 547,755 Oct. 8, 1895 Hutchins, G. K. May 6, 1893 
269,130 Dec. 12, 1882 Snell, F. H. Sept. 6, 1882 550.728 Dec. 3, 1895 Smith, J. G. Feb. 18, 1893 
281,613 July 17, 1883 Cardwell, G. A. July 7, 1882 550,729 Dec. 3, 1895 Smith, J. G. Feb. 20, 1893 
282,791 Aug. 7, 1883 Snell, F. H. Feb. 28, 1883 551,391 Dec. 17, 1895 Lounsbury, W. F. Apr. 23, 1895 
283,806 Aug. 28, 1883 O'Donel, I. M. June 5, 1880 554,125 Feb. 4, 1896 Houts, W. A. Dec. 24, 1894 
290,730 Dec. 25, 1883 Bartelous, J. V. M. June 15, I 282 556,007 Mar. 10, 1896 Freudenberg, M. Jan. I 0, 1896 
295,356 Mar. 18, 1884 Connolly, T. A. Apr. I 0, 1883 561,377 June 2, 1896 Dean, G. O. & J. Jr. Aug. 3, 1895 
310,282 Jan. 6, 1885 Jackson & Cole Mar. 5, 1884 562,064 June 16, 1896 fS. 8erditschewsky Mar. 23, 1896 
335.708 Feb. 9, 1886 Lockwood, T. D. Sept. 26, 1885 570,840 Nov. 3, 1896 Brooks, M. Jan. 26, 1895 
349-,975 Sept. 28, 1886 Bickford, J. H. Nov. 25, 1885 573,859 Dec. 29, 1896 Callender, R. Mar. 19, 1896 
349,976 Sept. 28, 1886 Bickford, J. H. Jan. 18, 1886 573,884 Dec. 29, 1896 Keith, A. E. Sept. 16, 1893 
367,219 July 26, 1887 McCoy, J. A. Jan. 29, 1887 574,245 Dec. 29, 1896 Houts & Nilson Aug. 25, 1896 
372,378 Nov. 1. 1887 Lockwood, T. D. Apr. II, 1887 574,707 Jan. 5, 1897 Bowman, l. G. July 18, 1896 
381,938 May I, 1888 McCoy, J. A. July 6, 1887 582,578 May 11, 1897 Clark, Ellacott & Johnson Sept. 28, 1893 
408,327 Aug. 6, 1889 Smith, J. R. Feb. 16, 1888 584,384. June 15, 1897 Macklin, A. B. Aug. 7, 1896 
435,295 Aug. 26, 1890 Ford, W. H. Dec. 31, 1889 586,529 July 13, 1897 Davis, W.W. Sept. 5, 1896 
442,734 Dec. 16, 1890 Smith & Childs Sept. 27, 1889 .587.435 Aug • 3, 1897 Freudenberg, M. Oct. 22, 1896 

- 447,918 Mar. I 0, 1891 Strowger, A. B. Mar. 12, 1889 - 588,511 Aug. 17, 1897 Van Wagenen, A. Apr. 30, 1896 
457,477 Aug. 11, 1891 Hayes & Sears Feb. 3, 1891 ..... 589,798 Sept. 7, 1897 Strowger & Keith Feb. 19, 1896 

- 486,909 Nov. 29, 1892 Strowger, A. B. Feb. 19, 1892 -591,201 Oct. 5, 1897 Strowger, Lundquist & Erickson July 17. 1895 
498,236 May 30, 1893 Clark, E. A. Apr. 5, 1892 597,062 Jan. 11, 1898 Keith & Erickson Aug. 20, 1896 
498,289 May 30, 1893 Mccaskey, A. S. July 29, 1892 604,373 May 24, 1898 Decker, W. Mar. 25, 1895 
498,291 May 30, 1893 Mccaskey, A. S. Aug. 25, 1892 604,434 May 24. 1898 Stillwell & Barneck Nov. 10, 1896 
499,748 June 20, 1893 McClaren, A. E. June 13, 1892 606,764 July 5, 1898 tundquist, F. A. May 19, 1897 
510,195 Dec. 5, 1893 Serdinko, J. Apr. 22, 1893 611,974 Oct. 4. 1898 Nilson, l. G. Mar. 9, 1896 
511,873 Jan. 2. 1894 Callender, R. Apr. 24, 1893 

612,681 Oct. 13, 1898 Snow, H. P. Nov: 1, 1897 
511,874 Jan. 2, 1894 Callender, R. May 12. 1893 

616,714 Dec. 27, 1898 Lundquist & Erickson Mar. 28, 1893 511,875 Jan. 2, 1894 Callender, R. Aug. 13, 1892 
624,666 May 9, 1899 Lundquist, f. A. Sept. 20, 1897 515, I 08 Feb. 20, 1894 Callender, R. Nov. 2, 1893 

June 13, 1899 Decker, W. Aug. 3, 1896 515,109 Feb. 20, 1894 Callender, R. Nov. 2, 1893 626,983 

515,110 Feb. 20, 1894 Callender, R. Nov. 2, 1893 632,759 Sept. 12, 1899 Slater, J. C. May 23, 1898 

520,246 May 22, 1894 Simoneau, l. E. July It, 1893 638,249 Dec. 5, 1899 Keith & Erickson Dec. 16, 1895 
528,590 Nov. 6, 1894 Childs, W. May 12, 1891 639, 186 Dec. 12, 1899 Seligmann.Lui, G. May 27. 1898 

~s village, house and factory systems. f Called "Apostoloff." Nota:-No automatic telephone exchange patents were issued during the year 1900. 

+ Taken from the Bell Laboratories Record January, 1953. 

- 8 -
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THE FIRST PRACTICAL AUTOMATI C TEIEPHONE SWITCHING SYSTEM 

STEP BY STEP DIAL 

During the Jesse James Era, Almon B. 
Strowger of Kansas City found the under­
taking business rather slow. Upon 
investigation, he discovered the local 
telephone operator was his competitor ' s 
daughter; therefore he developed the 
Step by Step Dial Switching System so 
that he might enjoy a more equitable 
share of that business. 

One day in 1889, during his spare time , 
Mr . Strowger sat at his desk carefully 
placing pins around the edge of a collar 
box . He had an idea that, by arranging 
a metal finger or wiper on a centrally 

located shaft and rotating it with an electromagnet, he could develop a 
mechanism which could complete telephone connections without human aid . 

Telegr aph Instru­
ment Magnets -, -­
which thrust Pawls 
into Ratchets to 
st ep the Shaft 
and Wiper around . 

An Experimental S tr!)ter Switch - 1891 

from 
Grandfather ' s 

Clock 

Terminals. 

Mr. Strowger came to Chicago with his idea and an experimental switch . A 
company was formed known as the, "Strowger Automatic Telephone Exchange;" 
later reorganized as the Automatic Electric Company. 

- 9 -
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'!HE STROWG~ PATENT #447 ,918 , Issued March 10, 1891 

i-----5 Line Wires - 4 for Svitch Operation 
am Re ease - 1 for Talking (Ground 
Return 

"'I ens" Magnet 
"Units" Magnet 

Talkillg Wire 
11Tens 11 Ratchet & Pavl 
"Units" Ratchet & Pawl 

~~::::; r4-~--++--Swi tch 

"Hundreds" Push­
button 

I'- "Units" Pushbutton 
n.Nai:.J x'- "Tens" Pushbutton 

p·- Release Pushbutton . 

., 
J 

~· 

f;'"'o" .. o 

,,. 
,.. "Hundred.a" 

Ratchet & 
Pa·.11 H' 

Cylinder 
Talking Wires 

connected to 
Cylinder Con­
tacts according 
to Telephone or 
Directory 
Numbers. 
1000 Contacts 
100/Borizontal 

Rov 
10 Rows, one 

above the 
other. 

To ~all No . 315, the Calling Subscriber depressed the •Hundreds " Pushbutton~ 
three (3) times, lifting the Shaft and Wiper three (3) notches, and bringing 
the Wiper opposite the third horizontal row of terminals. He then depressed the 
"Tens" Pushbutton (H') ~, which caused +.r.e "Tens" Ratchet and Pawl As~mbly 
to step ths r!iper horizon~llz to Terminal or Contact No. J10. Depressing the 
"Units" Pushbutton (I 1 ) five {5) times forced the Pawl into the 100-tooth Ratchet 
five (5) times, moving the Wiper to Contact No . ill• The Calling Subscriber next 
cranked his Magneto, applying Ringing Current to the Called Subscriber Line to 
signal the Called Subscriber . After the conversation was completed, the Calling 
Subscriber depressed the Release Pushbutton (P'), energizing the Release Magnets 
ani thereby restoring the Switch Shaft and Wiper to normal. 

The First Strowger 
Automatic Telephone Exchange 

Installed at Ia Porte, Indiana . 
Cutover November 3, 1892. 

5 Line Wires • 
Pushbuttons for "Dialing" 
ane Release • 

Hand-Cranked Magneto 
for Ringing . 

About 75 Subscribers . 
Flat Rubber Disc Type Switch, with 

Rotary movement only, am one cir­
cular Row of Terminals . 

- 10 -
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The "Finger- Wheel" Dial Replaces the nPushbuttons 11 

Finger- Wheel Dial Developed by 
Str owger Engineer s : 

A. E. Keith , 
John Erickson, 
Charles J . Erickson 

Patent #597,062 , issued 
August 20, 1896. 

Finger Slots replaced 
by Finger Holes in 

Later Subscriber Dial s . 
Push- Button Dialing resulted in a high per centage 
of dialing er ror s and "Wrong Numbers , 11 which made 
Subscribers very unhappy and unnecessarily wore 
out the Equipment . 

Makeup of Dial 

100 Holes drilled in an Iron Ring . 
Any one Subscriber in the group 
of 100 could be selected by a 
single "pull" of the Dial. 

Dialing was done by means of a 
Spring- U>aded Crank. 

To Dial Subscriber #89 

Insert the Peg on the end of the 
Chain in hole No. 89. 

Pull the Dial Cr ank around to 
rest against the Peg and then 
release . 

As the Dial Crank restores to 
normal , 89 pulses contr ol the 
switching equipment in the 
Central Office to cut through 
to Subscri ber No . 89 . 

A Pushbutton was furnished for 
Rineing the Called Station. 

Western Electric Company Meets the 
Competition by Developing its 

Own Version of the Dial 

This type of Subscriber Dial was abandoned as the number of Telephone Sub­
scribers increased over 100 . 

- 11 -
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l WIRE 
(T, R,S) 

"" 

Solectore 

.... ,. ___ BANK 

Ir-PLUNGER BANK ROLLER 

,? 
.___,,LUNGER ARM 
\ 

• , ..---TAIL 

/"-"' 
SLOT 

THE KEITH UNE SWITCH .- 1907 

The expensive S~itcb used for each 
Subscriber Line in early Strowger 
Exchanges was replaced by a smaller 
and more economical Plunger Type 
Line Switc~, developed by A. E. 
Keith, and first used in 1907. Thus 
each Subscriber Line terminated in 
one of these Line Switches, which 
operated to connect that Line to an 
Idle First Selector Switch when the 
Calling Subscriber removed his Hand­
set. 

SUBSCRIBER I HAS PLACED CALL USING LINE SWITCH I AND SELECTOR 
NO. 5. MASTER SWITCH HAS MOVED PLUNGER OF LINE SWITCH NO. 2 

OPPOSITE NO. I SET OF BANK TERMINALS WHEN SUBSCRIBER 2 REMOVES 
HANDSET LINE SWITCH NO. 2 PLUNGES INTO NO. I 
AND CALL IS EXTENDED TO SELECTOR NO. I. 

i------

1 

I 
I 

SUB. 2 

I 
MULTIPLED TO 

ALL TEN SET OF 

SUB. I 

- 12 -

MASTER SWITCH - AND BANK 

The Master Switch 
keeps the Plungers 

of Idle Line Switches 
directed toward Idle 
Trunks. 

(2) 

LINE SWITCH 

---AND BANI< 

(I) 

LINE SWITCH 

---ANC BANI< 

--- --------

-----------
SELECTORS 
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THE LINE FINDER SWITCH - 1927 
The Line Finder Switch, serving 200 Lines, was developed, 
using the standard switch mechanism (the same as used in 
Selector and Connector Switches), to replace the Keith Line 
Switch required for each Line. 

1927 - Line Finder Switches first installed in Brazil, Ind. 
RELAYS-------

RELAY MOUNTING 
PUITE 

I 
I 

&WITCH FRAME 

SH AFT 

~ 

--PLUG 

• ROTARY 
MAGl(El 

SLEEVE 
8AHK 

. • . I , _ , UPPER 
. .L4 " LINE 

SANK 

LOWER 
LINE 
BANK 

A Line Finder Unit, normally 20 Line Finder 
Switches serves a Line Group of 200 Lines. 
Three (3) Units mount one above the other on 
a Line 1''inder Fl"ame. 

Below - Rear View of Line Finder Unit . Note Local 
Cable and Multiple to Switch Banks 

JJ I g 
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Comparison of KEITH UNE SWITCH and UNE FINDER SWITCH Operation 

KEITH LINE SWITCH 
1 Switch for Each Subscriber Line 

The Keith Line Switch connects the Calling Subscriber Line to an Idle First Selector. 
~on-Operated Line Switch 

, , - -PLUNGER 

I 
Subscriber 

lunger 
.,._Type 

.,.., Line 
Switch 

First Selector 

IST 

SELECTOR 

2ND. 

SELECTOR 

LINE FINDER SWITCH 

3AO 

SELECTOR 

Normally 20 Switches for a Line Group of 200 Lines (198 S~scriber & 2 Test Lines) 
The Line Finder Switch "finds" the Calling Subscriber Line , wired to a set of Line Bank Terminals (T, R) . 
Switch Wipers (T, R, S) cabled to a First Selector Switch. 

200 Sleeves - 100 eacQ 

Sleeve 
Bank 

S and S1 

cs. sn 
Upper I4ne 
Bank 
(T1. R1) 
Lower Line 
Bank 
(T, R) 

.,_Sub­
scriber 
Une 
(T,R) 

100 Lines 
100 Lines 

+Trunk - Line Finder 
Wipers (T ,R, S) 

LINE to First Se I ST 

FINDER (Wi~ S 
T,R,~ 

2ND. 

SELECTOR 

3AO 

SELEC 

Selector Switches, under control of the Dial, "select" an Idle Patl: 
from the Calling Line Finder to the Called 3ubscriber Connector . 

The Connector S\li. tch , under control of the Dial, 11~" the Called 
Subscriber tine. 
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Operation: 

THE R. CALLENDER SWITCHING SYSTEM 

Patent #511, 874 
Issued Jan. 2, 1894 

Never Used Commercially 
System Capacity - 10 Subscriber Lines 

1) Subscriber No. 1 wishes to Call Subscriber No. 2. He transmits two (2) 
impulses to the Central Office. 

2) Rotary Magnet RM steps Switch Track 1 into alignment with inclined Runway 
R2. 

3) SWitching Magnet SW! operates to depress Gate G2. The Path is now pre­
pared {or the desired connection. 

4) Release Magnet Rel operates, releasing two steel balls B and B' fran 
Storage Track 2 

5) The two steel balls B and B' roll down Storage Track 2, out onto Switching 
Track 1, to Runway R2 (See No. 2), to depressed Gate G2 (See No. 3). 

6) The two balls B and B' roll down Gate G2 and cane to rest on the contacts 
of Cross-Connecting Plate P2 (Note detail of Cross-Connecting Plate for G5 -
two pairs of contact members bridged by the two steel balls.), thereby 
establishing a Talking Path between the two Subscriber Lines, Nos. 1 and 2. 

7) When the Subscribers finish talking, the Calling Subscriber .. rings off," 
operating Magnet Al: 
a) Tilting CC'.ontact Plate P2 so that 
b) The two steel balls B and B' drop onto Return Runway R3 and roll down 

to Elevator Belt 4. 
c) Elevator Belt 4 returns the two balls B and B' to Storage Track 2, ready 

for establishing other connections. 
8) A Storage Track is associated with each Runway Rl, R2, etc., onto which 

the two balls may be deflected (Only Storage Track Sl has been shown.) if 
the Called Subscriber Line is busy: 
a) If Subscriber No. l is busy and another call originates for his line, 

Deflecting Gate Dl, operated by Magnet 5, will deflect the two balls 
released for the second call to Track Sl, where they will be held as 
long as Subscriber No. 1 Line is busy. 

b) When Subscriber No. 1 Line becomes Idle: 
l') Magnet 6 operates ~ 
2') The two balls released from Track 51 roll out onto Runway Rl to 

set up the second Talking Path to Subscriber No. l Line. 

- 15 -
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TiiE J. W • McDONOUGH SWITCHIN3 SYSTEM 
Patent #538,975 

Issued May 7, 1895 
Never Used Commercially 

Syst~m Capacity - i,ooo Subscriber Lines 

System Makeup: 1 Central Switch "A" 
10 Group Switches "B" 

100 Terminating Switches "C" 

Switch Makeup: 10 Pairs of Rings (horizontal) per Switch. One Ring of 
each pair bears a Phonographic Recording. 

1 Contact Carriage per pair of Rings (10 Carria~es per 
Switch) equipped with a Magnet, Levers, Catches and a 
Phonographic Transmitter. Carriage Contacts slide over 
outer surfaces of Rings. 

1 Shaft per Switch mounted at the switch axis and rotated 
continuously by an electric motor. 

10 Radial Arms per Switch (1 Arm per pair of Rings) to 
push the Carriage Assemblies around. 

100 Gates or Vertical Bars (10 Groups of) (Carriage Contacts "make" 
10 each) for each "A" and "B" Switch) - (with the Gates as the 

10 Gates for each "C" Switch ) (Radial Arms push the 
(Carriages around. 

Inter-Switch Wiring: 

.QE!~ation: 

10 Gates of each "A" Switch Group (Total 100 Gates) wired to 
10 pairs of Rings on each of the 10 "B" Switches. 

10 Gates of each "B" Switch Group (10 Groups per "B" Switch, 
10 "B" Switches, Total 1,000 Gates) wired to the 10 pairs 
of Rings on a "C" Switch (Total 100 "C" Switches.). 

10 Gates of each "C" Switch wired to 10 Subscriber Lines (Total 
l,OOO Subscriber Lines) • 

A) Phonographic announcements inform the Calling Subscriber as to the progress of 
his call. This arrangement corresponds to the Revertive Pulsing used in the 
Panel and No. 1 Crossbar Dial Systems. 

B) Subscriber No. 103 Calls Subscriber No. 549: 

1) Subscriber No. 103 removes his Handset and listens to the signals, "101, 
102, etc." 

- 16 -
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Oeeration of the J. w. McDonough Switching System 

2) When the Calling Subscriber hears his own number, "103," he depresses a 
Pushbutton which stops the Carriage of his "C" Switch, connecting his 
Line to a pair of Rings on Switch "Bl." 

3) As the "Bl" Switch Carriages rotate, signals "10, 11, 12, etc.," are 
transmitted. 

4) Upon hearing "10," the Calling Subscriber again depresses his Pushbutton, 
stopping the "Bl" Switch Carriages, and connecting his Line to an "A" Switch 
Gate (Vertical). 

5) As the "A" Switch operates, the Subscriber hears the numbers of the Gates 
past which the Carriages move. Upon hearing "5," he depresses his Push­
button, stopping Switch "A" Carriages, and cutting his Line through to a 
"B5" Switch Gate. 

6) As Switch "B5" operates, the Calling Subscriber hears, "50, 51, 52, 53, 
etc.," and upon hearing "54," he again depresses his Pushbutton, causing 
the "B5" Switch Carriages to stop and cut through to a "C54" Switch Gate. 

7) As Switch "C54" operates, the Subscriber hears, "540, 541, 542, 543, etc." 
When he hears "549," he depresses his Pushbutton once more, stopping 
Switch "C54" and cutting through to the Called Subscriber Line wired to 
"C54" Switch Gate No. 549. 

THE MOISE FREUDENBERG SWITCH!!'{; SYSTEM 
Patent #556,007 

Issued March 10, 1896 
Never Used Commercially 

System Capacity - 100 Subscriber Line 

.S-VBS. NO. I 

SV6S. NO.JI 

J"VBS.N0.3 

.ff/t1S. NO.I. 2 

A) General System Features: The Central Office Equipmel)t of this system re­
sembles a large railroad terminal freight yard. The cars required to switch 
the calls would be about the size of those for a 0-gauge tinplate toy electric 
train. 

1) 

2) 

A metal Car or Wagon (Al, A2, A3, etc.), operating on an insulated metal 
Track, is required for each Subscriber Line. 
Beneath the Tracks (Cl, C2, etc.), and at right angles to them, is a 
number of metal Beams (Bl, B2, B3, etc.). 

- 17 -
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3) Each Beam (Bl, B2, B3, etc.) is wired to the movable Contact Member 
(Dl, D2, D3, etc.) of an "X-Y" Coordinate Plate Switch (Pl~ P2, etc.). 

4) Corresponding stationary Terminals of each Plate Switch are multipled 
together. A Subscriber Line is wired to each Multiple. 

5) Each Plate Switch has an Fl ("X") Carriage driven horizontally along a 
Track, plus a second El ("Y") Carriage, moving at right angles to the 
first. 

6) Contact Member Dl of Plate Switch Pl (also D2, D3, etc. of other Plate 
Switches) is supported by the El Carriage. 

7) Links and Magnets Ml (horizontal or "X" drive) and Nl (vertical or "'l" 
drive) drive Dl over the entire Contact Field of Pl Plate Switch. Ifs. 
.visible Register at the Calling Substation records the progress of the 
Dl Contact Member over the coordinate Contact Field. 

B) Operation: Subscriber No. 3 Calls Subscriber No. 22-: 

1) Car or Wagon A3 is released electrically by the Calling Subscriber, No. 3, 
to hunt for an Idle B Beam. 

2) A Projection X3 on the underside of Wagon A3 hits the first Idle ·B Beam 
(Bl in the diagram), and makes an electrical connection with it, swing­
ing the Bl Beam downward, out of reach of any other Subscriber Wagon. 

3) Plate Switch Pl is now connected to the Calling Subscriber, No. 3. 
4) This initiates the operation of Plate Switch Pl. Magnets Ml and Nl sweep 

the movable Contact Member Dl horizontally and vertically over the Contact 
Field. 

5) The number of each Terminal ("l, 2, 3, 4, 5, etc.0
) over which the Dl 

movable Contact Member sweeps is recorded on the Galling Substation Register 
R3. 

6) As soon as the desired Subscriber Number, "22," appears on Register R3, 
the Calling Subscriber releases a Pushbutton, \"Alich stops the Dl movable 
Contact Member on Terminal No. 22 of Plate Switch Pl. 

7) lhe Talking Circuit set up extends from Ground, through Subset No. 3, 
Wires 1 and 2, Track C3, Projection X3, Beam Bl, Wire 3, Contact Member 
Dl, Terminal No. 22 Plate Switch Pl, Wire 4, through Subset No. 22 to 
Ground. 

THE WESTERN ELECI'RIC ROTARY SWITCHING SYSTEM 
Developed About 1905 

Dial Pulses Control Selections Indirectly 
Used Only In Europe 

System Capacity - 10,000 SUbscriber Lines 

A) Rotar Switchin S stem Features: 
1 Power-Driven Equipment - Horizontal and Vertical Driveshafts provide power 

for operating the Switches - A 2 H.P. Electric Motor is required for a 
10,000-Line installation. 

2) Switches have Rotary Motion only. 
3) Switch Banks (To which Lines or Trunks are cabled) - Semi-Circular in 

shape - 200 Sets of T~rminals.2p Sets pe~ Level, 10 Levels. 
4) 10 Sets of Brushes per Switch - only 1-Set "tripped" to "wipe" over the 

Terminals of 1-Level. 
5) Selections controlled by Register Switches, positioned by pulses received 

from the Subscriber Dial. As the Selector or Final Brushes "wipe" over 
one Terminal after another, a Pulse is sent back (Revertive Pulsing) to 
the Register Switch for each Terminal contactedo When the Register Switch 
reaches normal, the Circuit is opened and the Brushes stop on the last 
set of Terminals. 

- 18 -
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Rotary 
Switching 

System 
~ 

6) 

Installation 

Switches Used : 
a) Line Switch - "Finds"the Calling Subscriber Line. 
b) Selector Switch - Finds an Idle Trunk, under control of the Register 

Switch , from the Line Switch to the Final Switch 
serving the Called Subscriber Line. 

c) Final Switch - Under control of the Register Switch, finds the Called 
Subscriber Line. 

d) ReJister Switch s 
l' Stores the Digits dialed by the Calling Subscriber. 
2') "Translates" or Converts the Dial Pulses received on a Decimal 

Basis (l-out-of-10) to a series of Pulses necessary to make 
Selections on the basis of 1 out of 20 (20 Sets of Terminals 
per Level). 

3') Controls the operation of the Selector and Final Switches on a 
"Revertive Pulsing" basis. 

Bay 

Register 
Switch 

Bay 
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Lugs 
Driven Disc _ ___,..,. 

Rotary System Line Switch 

Rotary System 
Selector Brush Carriage and Brush 

Centering 
Roller 

}:tripped 
Set· of 

Brushes 

Selector Brush Chooser 
Releases a Brush Latch, "Tripping" 

One Set of Brushes. 

Total 3 

laevel Gear 
Power Take-off 
From Vertical Driveshaft 

60 Subscriber Line Terminals per Bank 
20 Terminals per Row (Horizontal) 
4 Horizontal Rows of Terminals per 

Level of 20 Lines. 
- 20 -

I 
Driving 

~10 Spiral 
~ Projections 

or Teeth -
l for Each 
Set of 

Brushes 
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The Rotary System SELECI'CR SWITCH 

Selector Brush Brush Resetting 
Roller--

The Final Switch is 
similar in construct­
ion to the Selector 
Switch. 

Selector Brush 
Carriage 

Selector Brush Chooser 
Driving Disc 

Register Switch 
l) Registers Dialed Digits. 
2) Controls Selector & Final Switch 

.. ~ Operation. =:, 

--
The Register controls Selector and 
Final Switch operation (On a Revertive 
Pulse basis) as it restores to normal, 
after being advanced by Dial Pulses to 
the position representing the Digit 
Dialed. 

Selector Bank 

4 Segyeoce Switch 
,, Driving Disc 

Selector Brush carriage 
Driving Disc 

Sequence Switch 
(Power-Driven Relay) 

l 
I 

Index Wheel 
(18 Positions) 

r---:-Sprinq Pileup 

Eboni te Cams 

~ower Cam 
~~Controls 

(Power Magnet) 
. ~ 

As the Sequence Switch rotates only 
in one direction, it always opens and 
closes the circuits wired to its con­
tacts in the same order or "sequence." 
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GENERAL COMPARISON OF SWITCH!~ SYSTEMS 

A) Subscriber Lines Cable to: 

1} JACKS in the MAt-1.JAL System 

T R S 

T Subscriber '----------t Line 
._ ______ R-1 Circuit 

I 
§§6ss5;55~ ~\--j5L£t~ TERMINAi.$ 

:-::::::::: RING Tt;RMINA\. "=========i. c.-'---TIP_ U:RMINA\. _ ______________________ ...... 

:::;:::::====== ========== :::::::::: RING TERMINAL _ 

=========- TIP J'j;RMlllAI. _ 

3) A SET OF MJLTIPLE BANK STRIPS in the PANEL Dial System 

4 ) A CROSSBAR SWITCH VERTICAL in a CROSSBAR Dial System 
,r.'"--IO Ll'ffS ---.:-. • • 

~ T Subscriber 
T 
i--...,,,,,,_\ / • I I 

Line R • o, 
- - ' R Circuit - • s I 

I .. I 

Ji 
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GENERAL COMPARISON OF SVHTOHNG SYSTEMS 

B) A CONNECTION ls MADE in a: 

1) MANUAL System - By a PWG on the end of a CCRD. 
T 

3) PANEL Dial System -

4 ) ~OSSBAR Dial System - By CROSSPOINT Closures . 

Closed Crosspoint 
(T, R, S) Vertical 
Multiple Stationary 
Contacts to Horizon 
Multiple of Operate 
Springs. 

tal 

Sub. Line-(T, R, S ) 

• 

• 

-
~ 

T o nex 
•• Switch --,~ -~ 

'Crossbar Switch 
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GENERAL COMPARISON OF SWITCHING SYSTEMS 

C) Method of MAKING A CONNECTION in a: 

1) MANUAL System - The Operator picks up an Idle Cord and inserts the 
Plug of that Cord into a Jack. 

2) STEP BY STEP Dial System - The erator's Hand and Arm Movements (l') are 
replaced by a Steppin~ Magnet 2' thrusting a!!!!! (3') 

·. (5'), first Vertically (6''), then Horizontally (7') or 
in a Rotary Direction to the desired Set of Switch Bank 
Terminals (8'). Each Step is held by a Dog (9•). 

·~ into a Ratchet Tooth4'), stepping the Shaft and Wipers 

· :(2') Double-Spool Magnet. 
· Arma'tUr"e';' to which Pawl is linked. 

~--Rotary Armature 
,---,,--.--. Vertical 

Ratchet 

Vertical 

Rotary Pawl (3') 

-i-.....+~- Rotary 
Ratchet 

Teeth(4') 

~ot(rf 
!?.29.\9 ) 

"'-----=shaft 

~1·~ 

~~=:::::::~r::::..:1'c:l~ ~~~I- "11t+i1tt=-- Switch Shaft & Wie<!r ~6 • ) 
Assembly ( (5' ) I 

Switch Bank Terminals (8') 
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GENERAL COMPARISON OF SWITCHIOO SYSTEMS 

C) Method of MAKIOO A CONNECTION in a: 

3) PANEL Dial System: 
A•) The Conmon Control Equipment (1 "'), which replaces the Manual 

erator: 

B') 

l' Registers the Digits Dialed, and 
2') Sets Up the Connection (2"~ to the Called 

--~~~(2")~,.,._~~ 

The Operator's Hand and Arm Movements are replaced by: 
11

) An Electrically-Operated Clutch (3"), which 
2') Forces a Rack {4") against a Rotating Cork Roll (5"). 
3 •) Friction drives the Multiple Brush Rod (.§.") Vertically. 
4') The §h2!! ( 7") of a "Trieeed1

• Mul tiele BruSh \8") "wipe" over 
Multiple Bank Terminals (9"). 

5') The Clutch is released by the Common Control Equipment ~ 
the Multiple Brush fil12.!! ~ contact with the desired Set 
of Multiple Bank Terminals. 

6') A Pawl (10") drops into a Rack Slot {11") to hold the 
"-__,..-...-\ Multiple Brush Rod in position. 

F~~~~ 7') The Multiple Brush Shoes in contact with the Multiple Bank 

CLUTCH 
(3") 

Terminals correspond to the Plug inserted in a Jack of the 
Manual System. 

s 
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I 

""' .....,, 

GENERAL COMPARISON OF SWITCH!~ SYSTEMS 

C) Method of MAKING A CONNECTION in a: 

4) CROSSBAR Dial System (Method of Switching a No. 1 Crossbar Call shown below.): 
A') SWITCHING FRAMES, on which the Talking Path is built up, replace the Manual SWITCHBOARDS. 

B') COMMON CON1ROL FRAMES, which replace the Manual OPERATCRS: 
l') Register the Digits Dialed. 
2') Set up a Talking Path (l") !Q. the Called Subscriber Line. Only Line Link and District Link 

C') In Handling a Call, the COMMON CONlROL EQUIPMENT: Frames shown below. 
l') Selects an Idle combination of Paths through the various Switching Frames. 

a') A Path lJetween two Crossbarswi tches on the same Frame is a LINK (2"'). 
b') A Path between two Crossbar Switches on different Frames is aJUNCTCR (3"'). 

2' ) Closes the necess~ry crossbar Switch CROSSPOINTS ( 4") .2ll the various Switching 
Frames to cut through a Talking Path between the Calling and Called Subscribers. 

3') Checks the continuity of the established Talking Path to insure there are no opens, 
shorts or false grounds, then releases, ready to handle other Calls. Q 

,_::::__ _ __::........=:::;::=========..:---i( l" )· 

L- 1 1 Line i istrict i Office { Incoming i Line , 
b er- t Link t Link t Link Link " Link 

Calling 
Subscriber 

Frame Frame Frame Trunk Frame I Frame Called 
(3" (3"') (3") s b ib ___ _, -- , ___ ---- u scr er 

---- _r CommQ;) Control ... L- ------ To Office 

\-1 Equipment I ~ _ DISTRICT LINK FRAME _ Link Frame 
• LINE LINK FRAME - . -----r 

" r(2") --1-0_0_L_i_n_k_s---~, r (2") - 200 Link 

• 
f11111 

~. 

T I I I 1 · ,· I 1 \ T I I I I I I I I • • I I I I I ,, • 
• .I I I , • 
• • • 

:~4~ ?: Primary Switch secondary ·Switch : 

__ ,_ __ ,_ 

- ......... 
No. 9 _._ ..... .. 

• No. 9 -
I I I I I I'' I IT" 

I 
0 0 • I l I I I I I I I I I I ·1 l I 111111111111 I 
= -
• I I I I I I I ' ' I • I 1 11 I I 1 ' l I I I I 1 I I I I ' . 

• • 
I 

I 
(3") 

0 

_,__ 
:: Primary Switch 

~Secondary Switch: -----
) 

_,_ _,_ -- -- _,_ ,_ ,_ ...... No. 4 ,_ -_,__,_ _,_ 
,_ No. 4 - I'"",_ ...... - -~ _,_ ,...,_ ...... -... ~4") 

_,_ 
I- I I I I "i ' .I I I I I I I I-

• ry 1 1 1 1 1 1 1 1 1 i 1 
~ 

·~111111111111 

I I I I I I I T I I I I I I I I I I I I f ' I 1 I I I I I • • 
~ - o-1-' I I - ,_,_I I I I I I L l --,__,_ Primary Switch - '-Secondary Switch --- - I-,_ ,__ No. 0 - ~t:: No. 0 ,__ - ........ -

0 111111111111111111rr ,1,.11111111111111111111 
- 1-h-r 

I I I I I I I I I' I I I I • ' 
0 

I I I ! I I I 11 I I I I 

Calling Sub. 

, 
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SUBSCRIBER STATION EQUIPMENT 

Subscriber Station or "Substation" - A Subset (Subscriber Set) installed 
and in service for telephone COllllluni ­
cation. 

Substation Equipment - 1) Subscriber Set or ''Subset" - An instrument 
designed for ~riginating and receiving 
Telephone Calls. 

2) Substation Protector - Mounts: 
a) Protector Blocks (Lightning Arresters) -

High voltage protection. 
b) Fuses (7 Ampere, Tubular) or Lead Spacers -
~ss current protection. 

1) SUBSET 

500-TYPE SUBSET 
Front View 

- 29 -
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500-TYPE SUBSET 
Bottom View 

1) SUBSET 

Ringer Volume Adjustment 

E2) Receiver Unit 

\ ., 

E) 12-0z. Handset -----

- 30 -
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(....) 
....... 

• 

L Housing ZHandset Cord 
(Neoprene) 

l) SUBSET 

L F) Equalizer 

500-TYPE SUBSET 
With Housing Removed 

"'--Line Cord 
(Neoprene) 

~ C) Ringer 

~D) Network 

~A) Switch­
hook 

B) Sub. Dial 
/ (7-Type) 
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1) SUBSET 

LINE 
--------t4-- CORD 

(Tip) C)RINGER 

Normal" 
Contacts 
short out RE • 
to eliminate 
"Dial Clicks • 

L1 )'> 

~ 

3) 

TONE BAL. I MP. 

2Mf: 

I 

A )Swi tchhook 
Contacts 

Dialing Con­
tacts~ 
and make to 
form Dial 
Pulses -

( 10/ second ) • 
NET~ORK I 

F3) 

VAR.2 

E2)REC. I 
E) Handset 

_ __,___ ____ _ 
RW EQUALIZER - F) 

TRANS.El) 
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1 ) SUBSET - CCMPONENTS 

__ ,._ __ ("A," "02," "F3," etc., refer to Photo and Schematic on preceding pages.) 

--••-..J4 A) Switchhook - 1) : Turns ON the Subset when the Subscriber removes the 
Handset from the Cradle. 

D3) 
D4) 

: 

i - - --
1 
I 
I 
I 
I 
I 

2) Turns CFF the Subset when the Subscriber replaces 
Hands-er-in the Cradle . 

B) Subscriber Dial - Opens ("breaks") and closes ("makes") the Subscriber 

~ 
Loop (Line) to the Central Office 10 or more times 
per second to direct the Switching Equipnent in set­
ting up a Call . An apparatus ~ mounts in place 
of the Subscriber Dial for Manual Service. 

C) Ringer - Operated by 20-Cycle A-C Ringing Current from the Central Office 
~ Ringing Machine to signal the Called Subscriber. 

D) Network - Made up of: 
Dl) Induction Coil - A Telephone Transformer to strengthen the voice 

Resistors 
-'V\1\.-

05) Filter - A 

currents. 
02) Sidetone Balance Coil - Maintains a constant balance 

(flat response) over the voice-frequency range. 
Sidetone - The reproduction by the Receiver of voice 

sounds and room noises actuating the Transmitter of 
the same Subset. 

03) Capacitors - A Capacitor is a device (two conductors 
...L separated by a Dielectric or insulator) which blocks 
T d.c. (such as Talking Battery Supply) , but transmits 

a.c. (20-Cycle Ringing Current). 
- A Resistor is a device for controlling the rate of 

current flow in a circuit 
50-0hm Resistor in series with a 0.1 mf. Capacitor and 

the Induction Coil Windings to suppress radio receiver 
interference resulting from "breaks" and "makes" of 
the Dialing Contacts. 

E) Handset - Includes the Transmitter and Receiver Units: 
El) Transmitter - A device which converts the mechanical energy (air 

pressure variations) of sound waves into electrical energy (varying 
ele~trical current - Talking Current.). 

E2) Receiver - A device which converts electrical energy into the mechanical 
energy of reproduced sound waves. 

alizer - A device for controlling reproduced voice volume or level, with 
variations in Subscriber Loop length, and with different Talk­
ing Battery Supplies. 

Ballast Lamp - A Current Regulator with a tungsten Filament, con­
nected in series with the Transmitter Unit. The Filament resis­
tance increases rapidly as temperature rises, to maintain a 
constant current. 

A Thermistor - A temperature-sensitive Resistor bridged around 
(shunting) the Receiver Unit, and connected in series with a loss­
limiting Resistor. The Thermistor is heated by the Ballast Lamp 
Filament to introduce loss autcmatically, thereby avoiding 
excessive voice level on short Subscriber Loops. 

A Varistor - A variable Resistor (Resistance decreases as im­
pressed Voltage increases), shunting the Ballast Filament to 
limit current flow thl'ough it. 

- 33 -
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2) SUBSTATION PROTECTCR 

The Substation Protector is made up of a 
a) Protector Block Assembly (Lightning Arresters) - One per Subscriber 

Line Wire - Operated by high-voltage on Subscriber Lineo 
b) ~ - 7-Ampere Cartridge TypeJ Lead Alloy Spacers on lllA - One per 

Subscriber Line Wire - Operated by excess current flow through the 

FRO"' LINE -

Subscriber Line. 

CERAMIC. 
HOLDEF\ 

FUSES 

6LOCl''.S 

p 
~ROUND 

ELECTROD!O -

98A SUBSTATION PROTECTCR 

~~~~~~ Mounted in Well 
(Under Spring Tension) 

Protector Blocks 
~Carbon~. 

Carbon~ in 
fi!!" Porcelain Tube. 

lllA SUBSTATION PROTECTCR 

Fuse 

106A SUBSTATION PROTECTCR 

TO ll'STRUMENT -
- 34 -
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~ 
t1 
m 
-0 
!;: 

~ I~ 
m 

1-4 
"C 

m 
~ 

Aerial 
Cable 

Cable Rings -
Cable now lashed 

tightly against 
Messenger Wire 

Cable Terminal (Later Type -
Mounted on Cable instead of 
Pole.) 

Concentric Cable -

Types of Exchange Cable 
Lead Covered 
Lepeth ) 
Alpeth )-From Core 
Stalpeth) Outward. 

Al - Aluminum 
Le - Lead -St - Steel 

Peth - Polyethylene. 
1 

Polyethylene Con-
ductor Insulation - -P, 

Cbrrugated 
Steel or Alumin' 
---Sheath 

a.JTS IDE PLAHI' EqJ IPMENI' 

I'__ _ =-Cable Units 

"""" - unit Binder 

'•?i'l ~ Sheath 

Exchange Caple 
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CJ) 

El 
m 
-0 

I Is: 
~ ~ 

m 
~ 
H 
-0 

~ 
~ 

~ - Main Distributing 
frame 

Vertical 

Tile Conduit Pothead Spl1ce ~ -~------4 
Concrete Conduit also used. 

,....'-f,\or t ar nandage -
~Cheesecloth , Roofing 

Felt, Cement /.iortar 

Method of Laying Conduit 

-~ 
F. 

t ·--· ,-,_, 
,. 

Cable 
Vault in 

Basement 

Flameproof Insulated 
Cables extend Lines 
and Trunks to Main 
Distributing Frame-

Pothead Splices--=J 
End of Underground Cable 

Horiz. 
Rows of 
Terminal 
Strips 

Typical Manhole 
(6 ' X 4' Wide X 5 ' High) 

Central Office Cable Vault 

Rubber Duct Plugs Used in 
Manholes and Cable Vault to 
Seal Out Water and Gas. 

Cabl e Pins support Cable Rack 
Cables 

OJTSIDE PLANT EQUIPMENT 
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Rolling Ladder 
Track ------~---~-..:.......Ju. 

V IDF - Vertical Rows 
~Terminal Strips 

3-Wire Flameproof 
Ji.nnpers (T, R, S) 
lie loosely on 
Shelveso ----

Rolling Ladder ----~:ii·· 
Loudspeaking Tele­
phone to Local 
Test Desk ~-11 U.A §@' 

IDF - Intermediate ' · '•1 {~!f!!JQS,· 
Distributing Frame ~ .. Q _?At , 
1) Not used in cross- I - ~, 

bar Central Offices. l (~~£! t J;, ' 
2) F?r re-locating t _w ·-:··-::-- • • 

Lines on Switching :I ~. ==-?5' ,A 
Equipment in Man- ~ • 
ual, Step by Step 
and Panel Of fices, 

3) 3-Wire Flameproof 
Jumpers from HIDF 
to VIDF. 

------~,..Auxiliary Framing Bars 
(Superstructure) 

~.......,,----=----t:~ Threaded Rod 

Switchboard Cable 
r--Jr--~~...::...___:_~ti--=4-Cable Rack 

CENTRAL OFFICE OISTRIBUTI~ FRAMES 

VMDF - Protector 
Mountings 

l) Protector Blocks 
2) Heat Coils 

!:!Mill: - Horizontal 
Rows of Terminal 
Strips 

....... ---2- Wire Flameproof 
Jumpers (T, R) 
lie loosely on 
Shelves 

Mezzanine Platform 

!12,E - Main Distributing 
Frame 

1) Outside Subscriber 
Lines and Trunks 
terminate on the 
VMDF. 

2) Central Office 
Equipment cables to 
the HM>F. 

3) 2-Wire Ji.nnpers 
from VMDF to HM>F • 

4) Switchboard Cable 
from HM)F to H IDF • 
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Vt.DF EQU IPMENr 

Section of C50A 
rrotector 

CAUON 
l'lOTfCTO. 

l lOCICS 

Protector Blocks - High-Voltage 
Protection 

Heat Coils - Excess Current Pro­
tection 

VM)F Vertical Column of C50A 
Protectors 

2- Wire Jllllpers (T, R) WDF to HMDF 

SWITCHBOARD 

Number Plates 
Cable Pair ~bers 

300-Type Connector Unit~ 

rl&Rt SHtLL. 

COPPCR SLttVt 
SOLOtRtD TO HtAT 

COIL .. I N 

+Feather 
Spring 
CABLt 

Cross-Section of Type 76A Heat Coil 
- 41 -

New 
300-Type Connectors 
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VMIJr EQUIPMENT 
C50A CENTRAL <FFlCE PROI'ECTCR 

Protector Blocks and Heat Coils 

'0THtll SPlllHCI GROUN~ 

TO 'llAJI( 

----GllOUllOtO TO ,flAllll 

1-1------- Lllll U"1NGS -------

Tllt-AU CO.ECT TO 
Ct;llTllAI. OHIC( EOUll'llllNT 

ASSEMBLEO"B" TYPE PROTECTOR 

OPERATED POSITION 

Cross-Section of a Protector Block 

f'OllC(LAIN-1.--------- 1 

CROSS SECTION OF A HEAT COIL 

S'C"NEMAT/C ";r (./NE C/A?C&I'/ r 
- 42 

TOI' ~l[W 

CcNTK"9' OFF/Ce 
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orHER DISTRIBUTI~ FRAME EQUIPMENT 

Terminal Strips - Mount on the 
HMDF, HIDF and V IDF, as well as 
on Switchboards, Units, Frames, 
etc., to facilitate necessary 
changes in wiring, assignments, 
cross-connections, etc. 

HNDF T minal Stri..._----~ 
Terminal Punchings for hand­
wrapped connections. Terminal Punchings 

Switchboard Cable Terminals 

VIDF Terminal Strip 

HIDF Terminal Strip 

All of the above Terminal Strips are assembled by 
hand. 

Newer Type Terminal Strips have the Punchings cast in 
a Resin Canpound block, which is attached to a Wood 
Fanning Strip by means of self-tapping screws. 

Many new Terminal Strips are arranged for Gun-Wrap Wirfng 

Dist:i~:i:g-Rings~ 
Mount on Verticals of Distributing Frames. 
The Rings are fin!shed with a viterous enamel 
paint, which acts as an insulator in case the 
Jumper insulation is defective. Rings prevent 
the Jumpers from becoming wedged in the Framework. 

- 43 -

INTERM[DIATl 
DISTR18UTIN8 

FRAME 
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CEN'BAL OFFICE CABLING 

Cabling Between 
Distributing Frames and 
Manual Switchboards 

~ .. , .. --­.-..---~ '':,~ 

A IOAllO 

J- Wire Flameproof 

-~ -
UNFr/NQ£Jl 

F"RAHF 

Jumper 

~ 
<o 1--41---___,. ___ ~ ~ 

~----+----'"' ~ 

H.P.'-

2- Wire Flameproof 
Jumper - .. 

v 

Ill 

Ill 
[Il 
[Il 

Ill 

-
For Checking Calling 

Subscriber Number on 
Long Distance Calls 

P..S.A. 
BOA NP 

----------.... 

/.~U: M.R.R. 
H 

Cabling Between 
Distributing Frames 

and 
Panel Dial 

Switching Frames 

Panel Dial Call 
originates 

on a Line Finder 
Frame and 

terminates 
on a Final Selector 

Frame 

- 44 -
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Western Electric Company, Inc. 
Equipment Engineering - Area "B" 
Engineering Personnel Relations 

Lesson No. 1 

For Training Purposes Only 

FUNDAMEITTAL.5 OF TEIEPHONY 

Section 7 

CENTRAL OFFICE POWER PLANT 

CONTENTS Page 

The Central Office Power Plant - ·source, Control and Distribution 46 

200 Amp~re Metallic Rectifiiier Charging Unit 47 

Simplified Schematic of Fully Automatic Charging Equipment 48 

General View of Power Room 49 

Charging Generator Units 50 

Meter and Control Panel - Field Rheostat 52 

Circuit Breaker and Automatic Reverse-Current Switch 53 

Front View of Power Board 54 

Emergency Cell Switches 56 

Power Board - Main Control and Battery Control Boards 58 

Voltage Controller and Control Relay 59 

Power Cabling 61 

Central Off ice Battery - Lead- Acid Type 65 

Engine Starting Batteries 68 

CEMF Cells 69 

Talking Battery Filters - Common and Decentralized 71 

Ringing Power Plant - 803C Type 74 

Ringing Machines 78 

Mercury Interrupter Unit 81 

Tone Alternator 82 

Schematic of Ringing Machine Connections 83 

Tripping Battery Equipment 84 

Superimposed Ringing 85 

~inging Power Plant - 804C Type 
- 45 -

87 
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• 
• 

{ 

• 
• 

200/230-v, 3-Phase, 60-Cycle A.C. 

OIL f" ILLER TUBE 

! 

HA;;;:~'ZG: 'j\ ', 
FUEL CUP 

PRIMARY FUEL 
OIL FILTER 

FUEL OIL 
PUMP 

STARTING 
MOTOR-

AIR INLET 
DAMPER SOLENOID 

AIR DAMPER LINKAGE 
BLOWER 

STARTING 
SOLENOID 
SWITCH 

. ELERGE!JCY POWER PLANT 
200/230-v, 3 Phase, 60 Cycle A-C Diesel 

Engine Alternat~ 

--"' . 

Public Service Company] 
200/230-v, 3 Phase, 60 ____ ')'_,_______ ____ _ I 
Cycle A-C Power Mains -------------· l 

- 46 -

SECOND ANO 

THIRD FLOOR 

LIGHTING 

MAIN 

LIGHTING 

SERVICE 

--~------i-·--··-
MAIN 

POWER EMERGENCY 

SERVICE POWER 

BASEMENT COfl.IMONWEALTH 

AND FIRST FLOOR EDISON COMPANY 

LIGHTING EQUJPMENT 

________________ _____,,f n HOt.:SE SER'.i l Cc PANEL 

TELEPHONE 

EQUIPMENT 

POWER 

I 

KITCHEi~ 

POWER 

BOILER 

ROOM 

POWER 

FUSE 

S ORAGE 

MACHINE 

ROOM 

POWER 

- Tl r:: C::'. NTR/\ L OFFICE PO'NER 
-~~--------- ~---
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USE 

ORAGE 

MACHINE 

ROOM 

POWER 

~5-v Motor Generator Set 
t · 

CHARG Il'lJ EQU IPMENf 

{. 

~33-v Motor -Generator Set 

..,._--.Ringing .Machine No. 
(D-C Motor)- '/s :r~ 

-Jf - Regulated Rectifiers may be 
used, as well as Motor-Generator 
Sets - (See next page.) 

Jower Board for 
Control & Di$tri­

buti on of Power to 
Switching Equipment 

Ringing Power Board 

No. 1 
Through 

Switching 

24-v D.C. 

48-v D.C. 

Equipment 1-.L..:+-...+.~~jp.....J~-J.P 

* +130-v 
.L-~~~~-;:io.iRegulated 

Tube 
Rectifier 

* -130-v 
Regulated 

·~~~~~--,~ Tube 

Rectifier 

+130-V 
Battery 

(Standby) 

~~.___~. To Telephone Repeater and 
Carrier Equipment Bays, etc. 

* - Motor-Generator Sets replace 
Regulated Tube Rectif iet s 
where 130-v Current Drain is heavy. 

To Tele,graph and .Carrier 
pm~nt r -130-v - . -

i 
_ _ _ _. Battery 

! (Standby) 
Pay Station 

\ 
\ 
'1 

< ---+~Jzz-Buzz-Buzz I ( 0 IPM) 
I 

,...,,.. 
24-v D. Co 

Switchboard Lamp 

~ 
Spring 

Relay 

Lamp Cap 
- " TCI Library  www.telephonecollectors.info 



Rectifiers may be 
well as Motor-Generator 

See next page.) 

Jower Board for 
Control & Distri­

bution of Power to 
Switching Equipment 

.nging Power Board 

.ne No. l 
Through 

Switching 

24-v D.c. 

Equipment t-t'+d~!H~'9:67f' 

tc. 

ace 
s 
n is heavy. 

Pay Station 
-------,. ··----

\ 

< ~ sJzz-Buzz-Buzz I() !PM) 

,-Jr 24-v D.Co 

Switchboard Lamp Lamp Cap 

Switchboard 

Wire 
sprlng ·. 
Relay~ 

- 46 

by Step 
Shelf 
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Cl Cl· Q - . 
~•=---- m 

' ' I f 

rHa ..... 
- -

-11:11:1 - -

ii .. • < .. 

200 Ampere Metallic Rectifier 
Charging Unit 

- 47 -

C• 
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Motor Generator 
Set 

Automatic 
C1rcu1t Breaker 

[}=:33-
Manual or 
Auto. Start 

Motor 
Driven 
Field 

Rheostat 

>. 
Ci. 
a. 
:3 

C/) 

'-
QI 
~ 
0 

Q.. 

QI 
"'O ·.;; 
:5 

l 0 

Regulating 
Reactors 

Electronic 
Regulating 

and Control 
Circuit 

A 

+ 
Selenium Cell 

---; __ ....__. Rect1f1er Stacks 

_____ _J 

Sim lified Schematic of Full Autmoatic Char in 
48-v or 24-v D.Ce) 

- 48 -

1 
1 Erner. Cell 
1 Voltage 
I Relay ,,, 

: Gen. Reg. 

1 Voltage 
Relay 

I 

- - - -' 
Control 
Circu i t 

To Load 
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ALUMINUM 

BUS BAR 

· ~ - ... 
---1 , •.1. 

• 

0 

\ 
I 

\ 
\ 

\ 

FLEXIBLE STEEL 

COVERED CABLE 

WWW V sm='i" 

' 
I ' 

AC POWER 

SERVICE CONDUIT 

• 

BULL DOG 

SAFETY 
'-'-TYPE 

SWITCH 

SAFTOFUSE 
CABINET 

3ENERATOR STARTING COMPENSATOR \ '7C:.t'\ I AMP 400 AMP 200 I AMP I 
\......:..:.: 44-65 VOLT MOTOR GENERATOR SETS.::=.._; CONTROL 

BAY 

(MANUAL CONTROL) 

CHARGING GENERATOR UNITS 
OAKLAND OFFICE. CHICAGO 

- 50 -
AUG.1940 
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PANEL 

(IMPREGNATED 

ASBESTOS 

COMPOSITION) 

WESTON ALUMINUM 

AMMETER BUSBARS 

FLEXIBLE STEEL 

~_._...._~ 

I 
G.(NERATOR ENO 

~ 
I "' GENERATOR CONTROL 2~0 VOLT-400 AMP, NON-INDICATING 

BAY CARTRIDGE TYPE FUSE(CHARGE) 

CHARGING GENERATOR UNIT 
OAKLAND OFFICfi, CHICAGO 

Manual Operation - 51 -

HANDWHEEL 

(RHEOSTAT 

IH REAR) 

\ 
MOTOR ENO 

MAGNETIC 

STARTING 

COMPEHSAfOR 

(.,.AN UAL) 

TRANSFER SW. 

(SINGLE POl.E 

DBL. THROW 

KNIFE TYPE) 

REVERSE 

CURRENT 
RELAY 

(q11 • . co) 

AUG . 1940 
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DIRfCT CJRRENT AMME'l'"ER 
RELAY 

CONTROL RELAYS 

(NUN co.) 

VOLTMETER 

(MODEL 301) 

Meter and Control Panel 
Charging Generator Unit 

Control Relays operated by Voltage Controller on 
Battery Control Board for Automatic Operation 

- 52 -

234 HAND WHEEL 

Generator Field Rheostat 
Mounted Behind Panel. 

Set l.lanually by Handwheel. 
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Ul w 

REVERSAL 
CALIBRATION 
ADJUSTMENT 

AUTO SWITCH 
OPERATED BY 
SWITCH ON 
POWER BOARD 

CONT ACTOR 

CON TAC TOR 

RES I. 

REVERSE CURRENT 
RELAY 

POLARIZED 
RELAY 

ERIES 

Automatic Reverse-Current Switch 
Now used in place of Circuit Breakers. Reverse 
urrent Switch, made up of 1) a Contactor, 2) a 

Polarized Relay and 3) A Reverse Current Relay, 
Circuit Breaker connects the Charging Unit to the Battery at a 

Formerly used on Power Boards, be- pr:determined voltage, and disconnects the Charging 
tween the Charging Unit and the Battery nit from the Battery when current tends to flow 
for Overload and Reverse Current pro- ' ackward, from the Battery to the Charging Unit. 
te<ction. 

Typical KS-Type Circuit 
Breaker 

Used on some Rectifier 
Panels. 
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FRONT VIEW OF POWER BOARD 

MAIN OFFICE, OEN VER, COLO. 

- 54 -
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hh l 

FRONT VIEW OF POWER BOARD 
( FROM BATTERY CONTROL BOARD ENO) 

ROANOKE, VA . 
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COMBINATION SPUR AND 
BEVEL GEAR UNIT~---. 

TOP BEARING CLAMP 

BRIDGI NG 
I 

(JI 

°' 
DRIV ING SCREW 

MOTOR 

CRANK I NG ~HAFT WITH BEVEL GEAR 

CONTROL RA J LS 

;;:::::::::.=;.:;;.... __ ..._ ___ AUX ILI AR Y 

CONTAC T 

LIMIT SWITCH 

MOTOR BRUSH COVER (RP-17671-M) 

Motor-Driven Slider Type Switch 

EMERGENCY CELL SWITCHES 
Mounted on Battery Control Board 

ROCKER 
TYPE 

Rocker Type Knife Switch 
Manually Operated 

f'RAM[ 
( COl'ER RE'1~1'ED ) 

Motor-Driven Knife Blade Type Switch 
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'~~~~~~--~~~~~--ii\ /\~~~~--.--~---'' -- • • - y 

RINGING POWER BOARD MAIN BATTERY CONTROL BOARD 

CONI'ROL 
BOARD 

FRONT VIEW OF POWER BOARD 
(FROM RINGING PANEL END) 

I &O.!H. St N.Y. 

- 57 -
DEC.1137 
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.'.'! : 

Voltage Cont r ollers 

(". " " 
,. ,. 

~ ~ -
• ,. 

~ - I. .. ,., '· 0 " 
~ 

~ 

' I l '· -.; 

! c. 

e, ... - ... 
r 

BATTERY CONTROL BOARD 

TRICKLE CHARGE RECTIFIER S 

POWER BOARD 
(PARTIAL VIEW) 

150 I.l:f ST. NY. 
- 58 -

, .. J 

J ..J 

Link Type Fuses & 
Barrier s __ _. 

Rocker Type Inter­
l ocking E~ergency Cell 

Switches 

DEC. 1937 
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CAM CONTACT 
BRUSH 

ROTATING CONTACT 
DISC----------

"MAIN" CONTACT 
SPRING AND CONTACT·--~ 

WARREN CAM 
DRIVE MOTOR·----

"AUXILIARY" 
CONTACT SPRING 
AND CONTACT'------

CONTACT ADJUSTING 
SCREW-------

ADJUSTING 
SCREW 

~---LOCKNUT 

ADJUSTING 
t------SCREW 

RETRACTILE 
~------~ SPR~G 

UPPER STOP 
SCREW 

/LOCKNUT 

BALANCED 
CONTACT 
ARM 

CONTROL COIL 
----- PLUNGER 

Voltate Controller 
Voltage Controller on Main Con rol Board (Power Board) ~perates Control Relays 
on Charging Generator Unit Meter and Control Panel, to maintain automatically 
the proper Output Voltage. Voltage Relays are also used to operate Alarm 
Circuits and control Emergency Cell Switching Circuits. 

Control Relay 

Mounted on Charging Generator Unit 
Meter and Control ~anel, and operated 
by Voltage Controller on Main Control 
Board. 
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SOLDERLESS 

T FRMINAL LUGS 

STRANDED 

POWER CABLE 
ALUMINUM BUS BAR 

(48V. BATTERY FEEDER) 

SOX TYPE 

FRAMEWORK 
ALUl\4 INUM 

BUS BAR (GRD.) 

RINGING,TONc,8 SIGNALLING 

LEADS.(FLEXIBLE STEEL CABLE) 

BATTERY CONTROL BOARD 
(REAR VIEW) 

OAKLAND OFFICE, CHICAGO 

- 60 -
AUG. 1940 
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METAL PLATE 
____ l 

. 

' 

POWER CABLING - CABLE SLOT 
OAKLAND OFFICE, CHICAGO 

AUG.1940 
- 61 -
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CANVAS BAGS FILLED 

WITH MINERAL WOOL 

POWER CABLE CLAMPS 

POWE~ CASLIN G BE TWEEN FLOORS 
OAKLAND OFFICE, CHICAGO 

- 62 -

Cable Well 

AUG. 1940 
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MAlN 

AISLE 
CROSS 

TAPS 

Parallel 
Gutter Tap 

MAIM AISLE 

POWER FEEDERS 

(CABLE) 

POWER CABLING-MAIN AISLE 
OAKLAND OFFICE . CHICAGO 

- 63 -

FRAME: 

FEEDERS 

(CABLE) 

\ 
DISTRIBUTING 

POWER TERMINAL 

STRIPS 

FUSE 

CABINET 

AUG. 1940 
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DISCHARGE LEADS 

(CABLES) 

PARALLEL GUTTER TAP 

(CONNECTORS ) 

EQUALIZING CENTER 
OAKLAND OFFICE, CHICAGO 

- 64 -

MAIN AISLE BRANCHES 

( CABLES) 

AUG .1940 
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New Fuse Panel 
Mounts 70-Type tubular fuses. ruse 
element is under spring tension. 
Operation of fuse releases spring, 

forcing metal cap of fuse against alarm terminal of fuse block. The colored 
indicator protrudes through a hole in the fuse mounting cap, indicating the 
operated fuse. 

20 AMP. FUSE ALARM LAMP 

AMP. SAFETY TYPE FU SE MOUNTINC 

ALARM BAR 

•FUSE POST 

20 AMP. SAFETY TYPE FUSE HOLDER 
~ . 

IUPREGNATEO ASBESTOS 
PANEL 

FUSE ALARM LAMP 

Fuse Panel Mounting "Grasshopper," 35-Type Fuses 

FUSE PANEL.5 

- 64A -
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FUSING BAY 
(FRONT VIEW) 

- 64B -
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CABLES TO FRAMES,RACKSaOESKS 
DE( E J11R.At.1uv I FR1tm£) 

FILTER PANE L 

FUSING BAY 
(UPPER PART REAR VIEW) 

OAKLAND OFFICE,CHICAGO 

- 64C -
AUG.1940 
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FANNING RING 

VERTICAL BUS BAR 

BA TT. VERTICAL BUS BAR 

CABLE BRACKET (TAPED) GRD. 

FUSING BAY 
(LOWER PART REAR VIEW) 

OAKLAND OFFICE .CHICAGO 

- 640 - AUG.1940 
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Bus BarL 

Lead-Lined Wood 
Tank---

.,..,_--..:~ 

Central Office Battery - Open-Tank Type Cells 
(Lead-Acid Type Cell) 

RU!OCR SEPAAATCRS 

24-V Battery 12 Cells 
~ Battery - 23 Cells 

F 18ERGLASS 
'-'AT 

PEfiFCPATto 
[IWUCf'E 

Fully Enclosed Rubber Jar Type Cell 
(Exploded View) 

(Lead-Acid Type Cell) 

- 65 -
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Open-Tank Type Cells must be installed in a separate, well-ventilated Battery 
Room, as they gas quite freely on charge. Ehclosed Jar Type Cells are instal­
led in the Power Room, directly in back of the Power Board. 

Central Office Battery - Enclosed Glass Jar Type Cell 
(Lead-Acid Type Cell ) 

Cell Voltage - 2. 55-v At Full Char ge 
2. 17-v Normal Voltage 
1.75-v When Discharged. 

- 66 -

TCI Library  www.telephonecollectors.info 



SHELF 

I 

SOLDERLESS 
TERMINAL LUG 

AUXILIARY 
FRAM I NG BARS 

\ J 
--~--­"'- ~ 

<"" 

HIGH AND LOW 
ELECTROLYTE LEVEL LINES 

PORCELAIN 
INSULATOR 

ALUMINUM 

BUS BAR CONNECTIONS AT BATTERY STAND 
OAKLAND OFFICE, CHICAGO 

- 67 -

DEL TA STAR 

TYPE 

BUS BAR 
CLAMP 

ALUMINUM 
BUS BAR 

CONNECflON 

STRANDED 
POWER CABLE 

COVERED WITH 
-ACID RESISTING 

ENAMEL 

AUG. I 940 
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Engine Starting Batteries 

Tray of Ni-Cad Battery Cells 
Nickel-Cadmium Plates 
Alkaline Electrolyte 

1.4-v Per Cell 

Lead-Acid Type Engine Starting Battery 

- 68 -
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CEMF (Counter-Electromotive Force) CELLS 

In Series with the Central Office Battery and the Load (Switching Equipment) 
to: 

1) Prevent higher battery-charging voltage fran reaching the Switching 
Equipment, or 

2) Provide a continuous reduced-voltage supply; such as 48-v to 24-v, 
when the 24-v current drain is relatively light. 

Cell Terminals 
Layer of Mineral Oil over 
Alkaline Solution to 
reduce spraying and evap­
oration resulting frcxn 
gassing during operation 

-r---1-- High Solution Level 
Mark 

--- Boro-Silicate Glass Jar 
Stainless Steel (Pyrex) or Polyethylene 

Plastic to resist 
Caustic Solution 

P 1 ate c:._--+--il""" 

(Two Sets) 
·~-:!!--+-~-Low Solution Level Mark 

Alkaline Solution - 9% 
Caustic Soda (Sodium 
Hydroxide)in distilled 
water. 

Voltage drop in the CEMF Cell is the voltage expended in forcing the current 
through the Caustic Solution, from one set of plates to the other. 

Voltage Drop per Cell: 1.85-v at 10% Rated Load 
2.15-v at Full Loado 

A CEMF Cell does not have a storage capacity. The Cell has no polarity; there­
fore it may be connected for either direction of current flow. 

- 69 -
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48 VOLT 

EMERGENCY CELL 

BAT 
[ 

\ 

I 

ALUMINUM 

BUS BAR 

\ 

ALUMINUM BUS 

BAR DETAILS 

DELTA STAR TYPE 

BUS BAR CLAMP 

I 

I 
ONE CELL 

(NAK·TYPE) 

PORCELAIN 

INSULATOR 

• 

48 VOLT COUNTER ELECTROMOTIVE 
FORCE ( C EMF) CELLS 

OAKLAND OFFICE, CHICAGO 

- 70 -

BOLT 

ASSEMBLY') 

• ~ , 
\ 

I 
INTERROW 

CONNECTOR 

AUG. 1940 
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Large Common TALKIN3 BATTERY FILTERS located behind Power Board in Older Offices. 
Decentralized Filters mounted on Relay Rack Bays, Fuse Bays, Cable Racks, at top 
of frames. etc •• in newer offices. 

Signal Battery, unfiltered 24-v. or 48-v. from Motor-Generator Charging 
Units. Used for operating relays and switches, lighting switchboard 
lamps, etc. 

"Quiet" or Talking Battery, 24-v. or 48-v., filtered Signal Battery. 
CHOKE COILS 

WABASH OFFICE, CHICAGO 

- 71 -

I~ A 
CHOKE COIL 

1000 AMP. 
(3920 LBS.) 
24-v. 

Talking 
Battery 
Supply 

{ 

12 A 

CHOKE COIL 
400 AMP. 

(1128 LBS} 
48-v. 

Talking 
Battery 
Supply 

OEC.1930 
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Choke Coil 

Electrolytic 
Capacitors 
(Condensers) 

"Wet" Type 

Talking Battery Filter 
_. ,. 

->"'~: I ~~1· 
!J I \ ii 

I 

J.:etal Battery Stand 

CHOKE COIL 

-,£LECTROLYTI~ = BATTERY 
~ CONDENSER ) ~ 

Capacitor 

CHARGE LEAD f"ILTER 

- BATTERY 

------

DISCHARGE LEAD F'ILTER 

- 72 -

GROUND 

BUS BAR 

f,LECTROLYTI~. 
(CONDENSER) 

Capacitor 

GROUND 

The Cho~_f.oil or 
Inductor opposes any 
chanoe in Current 
Flow. 

The Electrolytic 
Capacitor opposes any 
chanoe in Voltage. 
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ORY TYPE 

ELECTROLYTIC 

CONDENSERS 

\ 

SAFTOFUSE 

UNIT 

Inductor 
(Retard Coil) 

TALKING BATTERY SUPPLY FILTER 
OAKLAND OFFICE, CHICAGO 

- 73 -

CABLE RACK 

PANEL 

\ 
J 

AUG.1940 
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R If~ING PONER PI.ANIS 

The Ringing Power Plant must furnish not only 20-cycle Ringing Current and 
Tones for Signaling, but various interruptions of Ringing Current and Tones. 

Howler 
Interrupter 

Ringing­
Voltage 
Regulators '"'3;::""~~~~..1L 

RINGING MACHINES 
EMERGENCY BATTERY FOR P.B.X. 

Saftofuse/ 
for Standby Ringing 
Machine No. 2 (48-v. 
D-C Motor) 

RINGING POWER BOARD 

803C TYPE 
RINGING POWER PLANT 

ISOTH ST. NY. 
2- to 6-Ampere Capacity 

- 74 - DEC.1937 
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TRANSFER SWITCH FOR RINGING GENER4TnR 

Regulated Tube Rectifier for Superimposed Ringing Battery 

MULTI-POLE ELECTRICALLY OPERATED TRANSFER SWITCH 

OAKLAND OFFICE, CHICAGO 

- 75 -
AUG. 1940 
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Howler Interrupter Tone is applied to a Subscriber Line at the Local Test Desk 
or DSA Board (Dial System "A" Switchboard) Sender-Monitor Position, by means of 
a Howler Cord, to attract the Subscriber's attention in case of a "Permanent" 
(Handset OFF Switchhook). 

• 
• 

/ 

MOTOR DRIVEN HOWLER INTERRUPTER 
OAKLAND OFFICE, CHICAGO 

- 76 -

-

AUG.194 0 
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WESTON VOLTMETER 

1 tt 

~~1 J t£ 

CENTRIFUGAL TYPE AUTOMATIC VOLTAGE REGULATOR 
(TYPE BY) 

- --· 1 

.. 

SAFTOFUSE UNIT 

CENTRIFUGAL TYPE AUTOMATIC VOLTAGE REGULATOR 
OAK LAND OFFICE, CHICAGO 

- 77 -

~ 
~ 

~ • 
~ 

AUG . 1940 
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/

"p" TYPE RINGING GENERATOR 

TONE ALTERNATOR 

ROTARY 

/

MERCURY-TYPE 

INTERRUPTERS 

"p" TYPE RINGING MACHINE 
WITH TONE ALTERNATOR a MERCURY INTERRUP.TER 

- 78 -
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Regular Ringing Machine 
Ml 

Standby Ringing Machine 
M2 - 48-V. 

ALTERNATING 
CURRENT MOTOR 

RJNGING MACHINE 

TABLE (METAL) 

0 C EN!) 

Coin Control 
Current 

01 RE CT 

CURRENT MOTOR 

AC END 

20-Cycle Ringing 
Current 

RINGING ANO 

COIN CONTROL 

GENERATORS 

TONE 

ALTERNATOR 

Continuous 
Tones 

MERCURY 

INTERRUPTER 

COMMERCIAL TYPE RINGING MACH INES 
OAKLAND OFFICE,CHICAGO 

- 79 -
AUG.1940 

TCI Library  www.telephonecollectors.info 



TONE 

ALTERNATOR 

RINGING LEADS 

MERCURY 

INTERRUPTERS 

GEAR CASE CARBON BRUSHES 

AND BRUSH HOLDERS 

ONE 

INTER RU PT ER 

UNIT 

RINGING MACHINE INTERRUPTER END 
OAKLAND OFFICE,CHICAGO 

- 80 -

AUG.1940 
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ASSEMBLY 

GROOVES CONTAINING 
MERCURY -

LAVITE 'WASHER-~ffl-~~~~9 

AND PORT 

STEEL 

SEALING 

SECTION THROUGH ASSEMBLY 

LAVITE 

STEEL END DISC 

LAVITE WASHER& PORT~ 
INSULATOR DISC -

STEEL CENTER Dl~C 

INSULATOR DISC 

STEEL END lJISC 

DISASSEMBLED UNIT 

MERCURY INTERRUPTER UNIT 
DOUBLE UNIT 

- 81 -
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+Low Tone - 600-Cycle, modulated by 120-Cycles: 
1) Used as Standard Dial Tone 
2) At a higher level and Interrupted - Standard Busy Tone. 

%High Tone - 500-Cycle Tone, used primarily for 9;?erator Signals. 

FIELD FRAME #AUDI BLE RINGING CHANNELl 

% HIGH TONE CHANNEL 

• 

\IELD COIL 
~ow TONE CHANNEL\ 

\ 

) 

ROTOR 

STATOR 

#Audible Ringing Tone - 20-Cycle Ringing Current is inaudible. When Ringing 
CUl'rent is applied to the Called Subscriber Line, the 
Calling Subscriber hears an Audible Ringing Tone 
developed by modulating High-Tone (500-Cycles) with 
a 40-Cycle Tone. This combination is superimposed on 
the 20-Cycle Ringing Current by means of a Network 
known as a 106A Frequency Generator. 

TONE ALTERNATOR 
- 82 -

' ... ' 
·-

II ' I ~I. •• 
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TR. TRANS . 
.,_. __ .,..TO PBX RING LOAD 

-----. + 115V DC 
COIN BAT 

AC 
COLLECTOR 

RINGS 
-rt5V DC COIN BAT. 

-- v:-R". 
AUTO.TRAN 

REGULATING 
R 

DC 

HIGH 
TONE 

FIELD MOTOR I 
RES. 

CENTRIFUGAL 
CONTACT 

VOLTAGE REGULATOR 

--------, 

LOW 
TONE 

FILTER 

AUDI~ 
RING 

STATOR.) 
COlLS 

I 
18 CELLS I 

- I 
lsuPERl911POSED -1 I BATTERY 

I I 

SUP.AUD. -t MR.SUP.+ 

I 
TRIJ.'BAT.+ 
TO RING 

LOAD 

I 
I MR. \UP. ­

TRIP BAT.-
p A - I TO RING 

-+-.......... MERCURYINT.DRUMS LOAD 

~..,: 
- c( 
~ CD 
c( • 
(!) ~ 
w-z a: 

--~ 

48V -
CENTRAL OFFIG! 

FUTTERY 

-48V 

l 
POSITJVE 

TRIP. BATTERY 

DRY CELLS 

SCHEMATIC OF RINGING MACHINE CONNECTIONS 
FULL SELECTIVE SUPERIMPOSED 4 PARTY RINGING 

- 83 -
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MOUNT I NG PLATES 

CONTAINING FUSES,FUSE ALARM, 

AND TESTING EQUIPMENT 

48-V. Central Office 
Battery may be used as 
the Negati~~ Tripping 

ORY CELLS Battery. 
IN DRAWERS 

I A Regulated Tube 
Rectifier may 
also be used to 
furnish Trip­
ping Voltage. 

TAHPAIJLIS - - FIRE 
PROTECT ION 

Tarpaulins are 
l!;"lf olded and 
thrown over a 
small fire to 
"smother" it. 

FILING TYPE 

DRY BATTERY 
CABINET 

GLASS LEGS 

Tripping Battery is furnished through the Low··Speed Interrupters to operate 
the Tripping (Ringing Cut-Off) Relay when the Called Subscriber answers during 
the silent interval. 

TRIPPING BATTERY EQUIPMENT 
OAKLAND OFFICE,CHICAGO 

- 84 - AU G.194 0 
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--

( 
SUPERIMPOSED) 

POSITIVE 

BATTERY CRATE 

CONTAIN I NG 18 C£LLS 

I 

RUBBER MAT 

WIRING 

GUTTER 

WHEELOCK 
CONTROL 

RELAY 

( 
SUPERIMPOSED) 

NEGATIVE (G.E.co.) MAGNETIC 

BATTERY CRATE MOTOR STARTINI 

CONTAINING 18 CELLS SWITCH 

I 

--"..!1..c ---

\ o I 

CRATE COVER 

BATTERIES ASSOCIATED WITH RINGING MOUNTED 
IN REAR OF RING I NG POWER BOARD 

OAKLAND OFFICE, CHICAGO 

Super i mposed Battery ( + and - ) for Full-Se l ective Ringing , 4- Porty Lines . 
- 85 -
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Tube-Type Subset __ / 

JIJA COLD CATHODE 
GAS FILLED TUBE 

w TIP 
~ ----+--...------......-----~-~-------. 

~ 
..J 

~ .... z w 
\.) 

~ 

~ ~~:.::G+----+-+----....--1-----+---, 
I 
I 

-PARTY ON RING 
Q) 

I I 
I I 

I I 
I I 

- PARTY ON TIP 

® 
+PARTY ON RING 

@ 

TO TELEPHONE SETS 

I I 
I I 

+ PARTY ON TIP 

© 

Subset 

CONNECTIONS FOR THE VACUUM-TUBE SUBSCRIBER SET FOR A 
FOUR - PARTY FULL-SELECTIVE Cl RCU IT. 

I I 
I I 

I I 
I I 

I I 
I I 

I 
I 

-PARTY ON RING - PARTY ON TIP + PARTY ON RING + PARTY ON TIP 
Q) ® @ © 

TO TELEPHONE SETS 

SUBSTATION CONNECTIONS FOR A FOUR-PARTY FULL-SELECTIVE 

CIRCUIT USING RELAY-TYPE SUBSCRIBER SETS . 

SELECTIVE RINGING 
{VACUUM-TUBE OR RELAY OPERATION) 

- 86 -
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Howler 
Interrupter 
Under Cover ---aei ... 

Gl A-C Operated 
Ringing Machine 

Voltage Regulator 
for 

Gl Machine ___ ___..., 

),,;: ,, 
Tripping 

on Rear 

:r• 
Batteries~, 

Bay ~ 

•• ~.i.....,...:::~-=:----l06A Frequency Gen. 
(Audible Ringing Tone) 

Under Cover 

804C RING It-l3 POWER PLANT 
1-Ampere Capacity 

Up To 50,000 Busy-Hour Calls 

- 87 -

+120-v Coin Control 
Rectifier & Battery 
Under Cover 

Ringing Machine 
Control Panel 

Superimposing & Trip 
Battery Control Panel 

Coin Control Supply 
Panel 

G2 48-V Battery 
Operated Ringing Mach. 
Machine 

Superimposing 
Batteries 

Speed & Voltage 
Regulator for G2 
Machine Under Cover 

-120-V Coin Control 
Rectifier and 
Batteries 
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Superimposed Batteries for 4-Party Selective 
Ringing mounted on Hinged Gate in Rear of Bay 
(Protective Covers removed). 

GEAR BOX OIL HOLES 

'------0 IL HOLE UNDER 

TONE ALTERNATOR 

NYLON CAMS AND BUMPERS 

GEAR CASE 

oNmRUPT<RSl GREASE FITTING 

ZO CYCLE 
GENERATOR 

~~·""jm~~9"!ii~~.~~ 

-
. , .. 

' 

A C MOTOR 

GREASE flTTING 

804-C Ringing Machine 
"RING Gl" 

Mechanical Interrupter Used in 806F Type 
Ringing Power Plant (Capacity i-Ampere) 

TCI Library  www.telephonecollectors.info 



Western Electric Company, Inc. 
Equipment Engineering - Area "B" 
Engineering Personnel Relations 

Lesson No. 1 

For Training Purposes Only 

FUNDAMENTALS OF TELEPHONY 

Section 8 

The Manual Switching System 
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THE MANUAL SWITCHING SYSTEM 

1876 - Telephone patented by Alexander Graham Bell. 

"Gallow Frame" 
Telephone 

June, 1875 
First Electrical 
Transmitter of 
Speech Sounds. 

Liquid Transmitter · 
March 10, 1876 

First Instrument to Transmit 
Articulate Speech 

1878 First Switchboard installed in New Haven, Connecticut; serving 21 
Subscribers on 8 Subscriber Lines. 

Fig. 1 New Haven Board 1878 

SCHEMATIC WIRING DIAGRAM or Nf.W HAVEN SWITCHBOARD 

-~~· 
•-s~ ~~'1 • 2-S 

~~~~~-,t-J-~S-~-------:==r 

l!WY.IY~ 
~--

__ _,.~( 

- 90 -

5 
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Growth of Manual Switching: 
1) frivate Line - Two Subsets permanently connected to a pair of wires. 

Station 
No. 1 

Station No. 2 

2) Hulti-Party Line - Several Stations connected to the same pair of wires. 

Station No. 3 Station No. 4 

•II(-- Multi-Party Une .... / ___ ~ 
Station No. 2 Station No. 5 

Station No. 1 

- 91 -
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3) Several Party Lines Connected to a Switchboard located in a Central Office. 
A Subscriber on one party line i s connected to a Subscriber on another party 
line by an Operator e.t the Switchboard . 

/Multi-P:irty 

==IJ==== 

l.) Two .:)ingJe-Party Llne.> connected together by an Operator at the Central 
Office Swi tchbo:.irrl • 

Sin,:";le Party Llne ~ Single Party Line 

- 92 -
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5) Several Central Offices, interconnected by Trunks, required to service 
a large Exchange Area. 

KILDARE 

------- Direct Trunks Between 
All Of fices 

HYDE PARK 

6) Tandem Office - A Central Office used as an intermediate switching point 
for traffi~ between other Central Offices, and affording: 
1) Economical trunking between outlying offices with 

low traffic volume. 
2) Alternate Routes between all Central Offices in an 

Exchanee Area handling overflow traffi~ from Direct 
Trunks. 

./""'Tandem Canpleting 
ltf" Trunk 

Tandem Trunk~ 
(Incoming to a Tandem 

Office) 

- 93 -

Tandem Trunk 

Tandem Completing 
Trunks (Outgoing 
from a Tandem 

Office) 
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7) A combiil.tition of Direct and Taooem Trunking provides the most economical 
method of handling traffic between several Central Officeso 

Subscriber Ll.nes) 

Tandem Completing 
Trunk----=-.. 

Tandem Trunk~ 

SWITCHBOARD EQUIPMENT 

~ 
Tandem Completing 

/ Trunks 

am ) - appear on the "A" Switchboard in the Originating Office. 
Outgoing Trui'lks ) 
Incoming Trunks) 

arrl ) - appear on the "B" t>witchboard in the Terminating Office. 
Subscriber Ll.nes) 

Ori0inating Office Terminatir.g Office 

'A' &OAAO '&' &OAAO 

Outgoinr; ·rrunk 4 Called Sub. 
Line 

i 
- 94 -
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11A11 Switchboard Eguipment 

- 3 CONOUCTORS 
TIP-RING-SLEEVE 
IN 8RAIOEO SHEATH 

- 95 

Imnp Shelf 
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Supervisor ' :: Telephone Jack (1 per Section of 2 Positions) 

"B" Switchboard Equipment 

. ..... •• ......•••.•. 
·= ! : : : : : : : ; : : : : : : : : : : . .................. . . .................. . . ........... ... ..... . .... ............ .. .. . .................. . .................... .. 

................ ..... .................... 

•A,.•......,... ••• 
::::::::::J 

to 

Jacks 

Plate 

-Special Jacks -
(Busy Back, Trunks 
to Special Operators, 
etc.) 
Trunk Group Lamp 

Incomine Trunk 
Cord (48 per 
Position) 

Peg Count Key (To 
register number 
of Calls complet ed 
at that Posit ion) 

-Operators 1 Telephone 
Jacks (1 for 
Oferator on duty, 
1 for Relief 
Oferator) 

"'-Trunk Supervisory 
I.amp (Guard & 
Disconnec t - 1 
per Trunk Cord) 
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I 
c.o 
-J 
I 

Operators' Section 
(3 Operator Positions) 

Operator's Position 

Key (1 per Position) 

Registers, operated ~y Peg Count 
Register per Position. 

~Cable Turning Section , where cables from ~te Di stributing 
Fre.mes arP "tcyned 11 to permit "Fanning out 11 and connect­
ing to Answering Jacks, :;:J.ne lamp and Out5oing Trunk Jacks. 

11A11 Switchboar d Ll.neu12 
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A Portion of a "B" Switchbourd Lineup 

Boys were orig:i_nally employed as oper3.tors; 
however they would often ari::;ue with the 
subscribers, <..nd sor.1.etlmes s·,,rear at them! 

- 98 -
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Combination 
Switchboard 

Lineup 

Combination Switch­
board Position 
Equipment~~~~---

- 99 -
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• ,· .. • • ' • •••• '.t', • 

MAIN 
DISTRIBUTING 

FRAME 

VERTICAL HORIZONTAL 

· ·-1-

" , ,, 

]_ 
CABLE VAULT 

MERRIMAC OFFICE 

1 
OUTGOING TRUNK 

MULTIPLE 

LINE LAMPS S 
ANSWERING JACKS 

SUBSCRIBERS 
MULTIPLE 

OPERATING ROOM 
. .... .... 1! .•. ·"· ·:-··· . .... : .. .• : 

B BOARD 

TERMINAL ROOM 
TRUNK MESSAGE LINE 
RELAY REGISTER RELAY 

RACK RACK RACK 

INTERMEDIATE 
DISTRIBUTING 

FRAME 
VERllCAL HORIZONTAL 

. . •.':\;· : ... 

. · .. ~'.' . . , .. 

COIL FUSE 
RACK BOARD 

POWER ROOM BATTERY AOOM 

RINGING 
MOTOR MACH I NE 

POWER BOARD 

GENERATOR 

- lCO -

-~ 
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,_.. 
0 ..... 

Manual Central Office Terminal Room 
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J-wires(T, R, S) 

% - MDF - Main Distributing Frame, where outside 
Lines and Trunks terminate in the Central 
Office. 

+ - IDF - Intermediate Distributing Frame 
v - Vertic:il Side of Distributing Frame 
H - Horizontal Side of Distributing Frame 

H v 

3-wires (T. R. S.) 
3-wire Flameproof Jumper "\ ..!;<-_ v H I 4-wires (T, R, s, L) To 

Subscri&M - +IDF --- 2-wires 2-Wires T,R) 

To %MDF 
(T. R. S) Other .1 - ---- )-wires 

~ 

Office 
(T. R) 2-Wire§) 2-wires --( -y· Other 

(T, L) Office 4-Wires R, S. 
~2-wire Flameproof I 2-Wires .,..Outgoing Jumper 1-Wire(S) ... Trunk 

Relay 
I Rack .... 4-wires(T,R,.S, 2 ~lote: * - Subscriber Multiple Line Ceil 
I Jacks appear above the H.elay Rack 

Outgoing Trunk Jacks in Rack 
a No. 1 Combination Switchboard. 

T - Tip, R - Ring, S - Sleeve, L- I.amp, 
CS - Calling Supervisory Relay, AS -

t ~ "B" Swi chboard 

-Subscriber Multi ple Jack 

1 ~Incoming Trunk c Ord 

:'.---J 

"l-wires 
(T,R,S) 

\6-Wires 
(T - Calling Cord 
(T - Answering 
( Cord 
(CS, AS, BAT,GRD) 

11A 11 Sw 
/~Subs 

,/ 1/ 
itchboard 
criber Multi­
ple Jack 

~ 
" 

~ 

'\ / 

..... Outdoing 
Trunk Jack 

-

r--

Answering 
Jack & Line 
I.amp 

' 
Calling Cord 
Answering Cord 
(Rear Cord, 
closer to face 
of Board) 

~ ._Trunk R elay 
Rack 

Answering Supervisory ) 
Relay, BAT - Central ) TYoical Manual Central Office Cable layout 
Office Battery, GRD-Ground) 
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- .. -

t to.uo 

. .. ._ -
INTIRlll!DIATl DltTllllUTINI 

'RI.Ill! 

Subscriber Line has 
2 appearances in 
11A" Switchboard ~::::---r~~ 

Protector Mountings: 
Protector Blocks or - .. 
"Lightning Arrester" &­
Heat Coils ( 11Slow-Blov11 

Line Fuse) 
MANUAL CENTRAL OFFICE 

A tOAltO 

llAIN OltTllltUTINO 

'""Ill( 

Cabling Between Distributing Frames alki Switchboards 

- 103 -

local Test Desk, for 
checking outside Subscriber 
Lines and Trunks that are 
in trouble. 

Repair Service Desk, where Trouble 
Record Cards are filed. 
Subscribers report trouble 

to Repair Service Clerk. 
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ME'rHODS OF HANDLING CALLS THROUGH 
THE MANUAL SWITCHING SYSTEM 

In the Manual Switchine System, Subscriber Lines are cabled to Jacks mounted 
in the face of a Switchboard. Operators temporarily connect two Subscriber 
Ll.nes together to build up a Talkinr: Path by inserting Plue;s on the ends of 
Cords into Jacks. 

Called 
Subscriber 

Calling 
Subscriber 

Jacks 

Lamp ~--'llP: 

Switchboard 

<'('.;.-, -:,...,_ .-- Jacks assigned 

0
c cl'~ according to 

nE. ,, C" ' telephone number --.,.:p . 
' : 
l 

' 

4-7';__-7'f.Calling Co.rd Plug Answering Cord Plug 
inserted into Jack 
of Calling Line 

~-..:.l.....L.r inserted into Jack 
of Called Sub. 

In a M11l ti-Office Rxchfmge Area, two separate St.ri tchboards are used: 
1) The Subscriber or "A" Switchboard, and 
2) The Trunk or "B" Switchboard. 

Comoletion of a Call Bet>ieen MuE:!!E-L()f.fi..££Q. 
Equipped With No. 1 Tyne s·.dtchtoardc 

'A' BOAAD 

The removal of the Receiver from the Switcbhook by the Calline Subscriber lights 
the Line Lamp in front of the 11A11 Operator. 
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ANSWERING 
JACK 

'A' IOARD 

The "A" Operator inserts the Answering Cord Plug in the Calling Subscriber 
Answerin.g Jack. 

'A' BOARD NUMBER 
PLEASE 

-The "A" Operator connects her Telephone Set to the Answering Cord by operating 
the Ll.stening Key, and challenges en the Ll.ne b~· saying, "Number, please," 

LINCOLN 
IZ34 

'A' BOARO 

The Calling Subscriber passes the Office Code (Ll.ncoln) and the C&lled Sub­
scriber Number (4 digits) to the "A" Operator. 

- 105 -
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1) 

(CS 
Lamp 

When the "A" Operator hears the Central Office Name or Code, she tests 
iQ!: an Idle Outgoing Trunk to the "B" Switchboard in the Called Office 
by touching the Tip of the Calling Cord Plug to the Sleeve of the 
Outgoing Trunk Jacks: 
a) A "~" i'i1"t'ile "A" Operator's Headset indicates a Busy Trunk. 
b) No "click" in the "A" Operator's Headset indicates an Idle Trunk. 

2) The "A" Operator inserts the Calling Cord Plug into an ~ Outgoing 
Trunk Jack, lighting the Calling Supervisory Lamp at the "A" Switchboard. 

CALL!O 
STATION 

1) When the "B" Operator becomes Idle, the Trunk Supervisory Lamp at the "B" 
Switchboard flashes 60 times per minute, 

2) The "B" Operator's Telephone Set is connected automatically to the Incoming 
Trunk Cord with the flashing Trunk Supervisory Lamp. 

3) Two spurts of Tone (Beep, beep!) are placed on the Trunk, 
4) Upon hearing the Order Tones, the "A" Operator repeats the Called Number, 

"1234 0 " to the "B" Operator. 
5) The "A" Operator releases the Listening Key, (The Calling Supervisory 

Lamp is still lighted.) 
6) The "B" Operator makes a Busy Test of Subscriber Multiple Jack "1234." 

a) If the "B" Operator hears a "click" (Called Subscriber Line Busy), 
she inserts the Trunk Cord Plug into a Busy-Back Jack, transmitting 
Busy Tone to the Calling Subscriber. 

b) If the "B" Operator hears no "~," indicating the Called Subscriber 
Line is~. she inserts the Trunk Cord Plug into Subscriber Multiple 
Jack "1234," 

7) Plugging up the Call extinguishes the flashing Trunk Supervisory Lamp at 
the "B" Switchboard. 

8) Ringing Current is applied automatically to the Called Subscriber Line. 
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~ r---------- ---- ------i 
I Ir-~~~~~~, 

I I 
I 'A' BOARD I 'I' &OARD 
I I 

I I 

(2) (4 

CALL!O STATON 

When the Manual Subscribers finish talking and replace their Handsets ON 
Switchhook, a "double-disconnect" signal appears at the "A" Switchboard. 

1) The Called Handset ON Switchhook liqhts the Calling Supervisory Lamp 
at the "A" Switchboard. 

2) The Calling Handset ON Switchhook lights the Answering Supervisory 
Lamp at the "A" Switchboard, 

3) The "A" Operators takes down the Calling Cord at the "A" Switchboard, 
extinguishing the Calling Supervisory Lamp and lighting the Trunk 
Supervisory Lamp at the "B" Switchboard, 

4) The "B" Operator takes down the Trunk Cord at the "B" Switchboard, 
extinguishing the Trunk Supervisory Lamp and restoring the "B" Switch­
board to normal. 

5) The "A" Operator withdraws the Answering Cord Plug from the Answering 
Jack, extinguishing the Answering Supervisory Lamp and restoring the 
"A" Switchboard to normal. 
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• 

( 

I 
I 

LINML,,N 

11• llOMO 

.,, _ 

A Call from a Subscriber in the N01·th Office to a Subscriber in the Lincoln 
Office is completed from the North .Qf..t]._ce "A" Board to the Lincoln Office 
~Board, &3 shown aboveo 
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CALLEO 
STATION 

NORTH 

'8' BOARD 

• 

I 
• 

I 
I 

• 

I 

LINCOLN 
r-------
1 
I 'll' 80 .. R 
I 
I 
I 
I 

'A• BOARD 
~-------..J 

A Call from a Lincoln Office Subscriber to a North Office Subscr:l.ber is set 
up on the Linc_o_ln 11A11 B;ard--and the North 11B 11 Board , ---
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r~--------- -------~ 
I :.-~~~~~~-. 
I 'A' 80ARD I '8' ac>ARO I I 

I I 

r--... ... -, 
I I 
I I 
I I 
I I 

r,,-_-_-JJ 
:· 

I 
I 
I 

~-~~ 

A Call between two North Office Subscribers is completed through the ~ 
"A" and "B" Boards. 

In a small Exchange Area, a Combination Board combines the functions of the 
"A 11 and "B" Boards : 

1) Outgoing Trunks to Toll ("long Distance") and other local Offices 
appear directly above the Answering Jacks and Line Lamps. 

2) Subscriber Multiple Jacks appear above the Outgoing Trunk Jacks. 
3) A single Operator performs all operations in handling a local 

Call. 

Completion of a Call Through a 

Subscriber Multiple Jacks--------=:-;:;?' 
(Arranged according to Directory 
numbers) 

Calling Cord-------"""'"°-l-l---+------t~·l 0~c/ OJ going 
Tr nk Jack 

Answering Jack--~4~4~2~--~r=======l=~~!-r-] 
Answering Cord-------l---+--i:-:!:7.~~ 
Line I.amp -- ,iq.---:'.T 

Auxiliary Lamp _ _:::!!:=~=!::==:____,,, 
3170 

Calling Supervisory Lamp------' 
Answering Supervisory Lamp------+~ 
Ringing Keys (Plunger Type)-------1---=t+---l'.f--J 

(Common or Master - W,J,R,M) 
Listening Key (Lever Type)-----+----=~-' 

(Push forward to Talk or Monitor) 
(Pull back to Ring) 
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a Call Thro h a Combination Switchboard 
to Drawing on Preceding Page) 

1) Subscriber No. 3170 removes his Handset, lighting the Line and Auxiliary 
Lamps. 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

The Operator inserts the Plug of an Idle Answering Cord into the Answer­
ing Jack above the lighted Line Lamp, extinguishing the Line and Auxiliary 
Lamps. 

The Operator pushes forward the Listening Key of the selected Cord Circuit 
and says, "Number, please!" 

The Calling Subscriber (No. 3170) passes the Called No., 114422, 11 to the 
Operator, 

The Operator picks up the Calling Cord of the pair selected for this call 
and makes a Busy Test of the Called Subscriber Line by touching the Tip 
of the Calling Cord Plug to the Sleeve of Subscriber Multiple Jack 4422. 
A "~" in her Telephone Receiver indicates the Called Subscriber Line 
is Bus1--no "click" indicates an Idle SubsCTiber Line. 

If the Called Subscriber Line checks Busy, the Operator so advises the 
Calling Subscriber, who replaces his Handset ON Switchhook. The Operator 
then takes down the connection. 

Should the Called Subscriber Line check Idle, the Operator: 
a) If the Switchboard is e ui ed for MANUAL Ri i 

1, Inserts the Calling Cord Plug into Subscriber Multiple Jack 
No. 4422, lighting the Calling Supervisory Lamp. 

2) Pulls back on the Listening Key, applying Ringing to the 
Called Subscriber Line. 

3) For a Call completed to a Multi-Party Line, the Operator 
depresses one of the Common or Master Ringing Keys, •w, J, 
R or M," before operating the Cord Circuit Listening Key 
to apply Ringing. 

b) If the Switchboard is equipped for MACHINE Ringing: 
1) The Operator inserts the Calling Cord Plug into Subscriber 

Multiple Jack No. 4422, lighting the Calling Supervisory Lamp. 
2) Ringing is applied automatically to the Called Subscriber Line. 

The Called Handset OFF Switchhook extinguishes the Calling Supervisory 
Lamp, signaling the Operator that the Call has been completed. In the 
case of MACHINE Ringing, Ringing is tripped automatically by the Called 
Handset OFF Switchhook. 

The Called Handset ON Switchhook, following 
completion of conversation, relights the 
Calling Supervisory Lamp. 

) 
) 
) 
) -

The Calling Handset ON Switchhook lights 
Answering Supervisory Lamp. 

the) 
) 

"Double-Disconnect" 
Signal 

11) The Operator takes down both Cords, extinguishing the Cord Supervisory 
Lamps, restoring the Switchboard to normal. 
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THE STEP BY STEP DIAL SWITCHING SYSTEM 

In the Step by Step System, a telephone call progresses, a "step-at-a-tL'lle," 
through a series of Switches in the Central Office. Each step is taken 
under direct control of the Subscriber Dial, as the Calling Subscriber dials 
the Called Telephone Number. 

Subscriber 

LINl 
,INDO. 

FLllST 
llLICTOR 

KCOND 
SlLECTOR 

THllltO CONNlCTOfl 

-v - CALLED 

1 
T~ 

-- -- 1·11t:S -- --
.;/ 

Talking ~ between Switches shown in heavy black line\/ 

Subscriber 
Dial 

FIN'GE~ STOP 

FJIONT OF DIAL 

GOVERNOIJ PULSE . 
_,~,,.O~ONTACl"S 

0 

"CAR OF' DIAL 

I 

~ 
Convention 

Subscriber Dial 

RELAYor:. 

.,...,IT"L M"""'"""'IC:.U 

SLEEVE BANI< 

/ / l 
8 8 I 
88 
80 
8 

• 

• 

• 

D 

"""""''" -

Connector Switch Sketch 

Sleeve Bank 
Line Bank __ ___.., 

A device for opening and closing 
the circuit between the Subscriber 
Station and the Dial Central Office 
Equipment at a normal rate of 1D times 
per second, 

Connector Switch 
~~-

A series of Step by Step Switches replaces the Manual Switchboard in that a 
Talking Path is built up on them. 
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Step by Step Subscriber Linea are wired to Switch Bank Terminals. 

~~~~~~~~~~~l ~--·Sleeve Bank s 1------' ========== =::::::::::::::::=====::;;: 
R i------......-===.,,.,,.,,.,,~ _SLEEVE ]ERMIN~ 

T 1--------r·=i!llllllll ~-R-ING-TE-RM-,-•• -,- Line Bank 
'------~ 

RELAYS 

TIP TERMINAL 

Manual Subscriber Lines are wired to ~mounted in the Face of a Switchboard, 

~R 
I 

RELAYS 
T 

BANK CONTACT NO. I 

BANK CONTACT NO. 10 

Switch Bank Terminals are mounted 
in Horizontal Rows or levels; 10 
sets per level, 

:,1 
Ring Spri"" e 
,,,,~~ 
Sleeve 

BANK ROD ASSEMBLY 
LOCATING SHOULDER 

BANK ROD NUT 

BANK ROD 

FIRST BANK LEVEL 

Jack mounted in 
face of Switch-
board 

TENTH BANK LEVEL 

BANK ROD 
COLLAR 

10 Horizontal Rows or levels make 
up a Switch Bank, 
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0 -'L 

9 --'L 

8 __!L 

Line Bank Nwnbering, 7 -"--
necessary in the case of Selectors 6 " 
and Connectors, vhich are dial- 5 --'L 

controlled, to con!'orm to the 4 " 
numbering plan followed on the 3 -·-Subscriber Dial. 2 -"-

-"-

The Step by Step Wiper----
replaces the Manual fl!!& -----~------

in making a connection. 

_..__ ...QL _.._ __..__ _..__ -2L 

- - - - -

- - - -
- - -

- - - -
- - - - -

- -

- - -
- - - -

--"-- -"--- --"- -"--- _,.__ __!!._ 

CORD HOLDER 
(CORD GUIDE) 

WIPER ASSEMBLY 

CORD TIP ---' 

SHAFT 

S-1 

R-1 

_M_ 

-
-
-
-
-
-"--

--"'- _..__ 
_.,_ 

- _.._ 
--"'---
~ - __.,__ 

" __..__ 
-
~ -

--"-- -'"----

TEST JACK 
ASSEMBLY 

The Step by Step ~W~iipe~r~C~o[.r~dt------~----~T-~1-~Q'.=-ill_.._ replaces the Manual Cord. 
"' 
"' 

'---WIPER CORD 

I llOWDUCTI:llll 
Tll'·llllll .. 11..11111 
II IRAlllD ~T" 

TIP 
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• 
• 

• 

10th Bank Level 

CO"D HOLDER 
(CORD GUIDE) 

STATIONARY DOG 

VERTICAL PAWL GUID£ 

DOUBLE DOG SPRING 

.......u--BEARING LOCKING COLLAR 

,.....,.,..u.--- BEARING SET SCREW 

DOUBLE DOG 
BEARING PIN 

1 .... ,-----DOUBLE DOG 

ROTARY PAWL FRONT 
STOP ADJUSTING SCREW 

,__ __ ROTARY PAWL FRONT 
STOP LOCK SCREW 

VERTICAL MAGNET 

VERTICAL --~=IW 
PAWL 

VERTICAL ARMA1URE--~ 

Verti al Ste in Mechanism 
The Shaft and Wipers are ste ed f rst vertical! by the Vertical Magnet \\hich 
thrusts the Vertical Pawl into the Vertical Ratchet, forcing the Shaft upward. 
The Vertical Dog engages the Verti al Ratchet to prevent the Shaft restoring to 
Vertical Normal. 

ROTARY PAWL 

~--- ROTARY PAWL GUIDE 

4*---E-~-44-------Release Magnet 
he Shaft and Wiper Assembly,------..'Salw,.lJ 1l!<:i.---ll-.11 Release Armature 

ROTARY 
ARMATURE 

with the Stepping Mechanism---
Replaces 

the Operator's Hand and Arm 
Movements 

in 
a Connection 
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Mechanism 

~ The Release Mechanism 

L Replaces the 
Operator's Hand and Arm Movements 

in 
Taking Down a Connection 

ROTARY 
ARMATURE 

BACK STOP 

LOCK 
NUT 

ROTARY ARMATURE 
REED SPRING -----

Rotar te in Mechanism 

"OTARY TEETH 

L...... __ ROTARY DOG 

ROTARY MAGNET 

The Rotary Magnet thrusts the Ro ary Pawl into the Rotary Ratchet, rotating 
the Shaft, causing the Wipers to ub or "wipe" over the terminals in one of 
the Horizontal Rows or Levels. e Stationary Dog prevents the Shaft restoring 
to Vertical Normal, while the Rot r Do engages the Rotary Ratchet to prevent 
the Shaft restorinq to Horizontal Normal. 
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88 
88 
88 D 

[ 

:::::::::: COMMUTATOR 

-"'S,.,LE..,E_,_,VE"-"'BA=N=K-~. ~~~~~~~~~~a ~ .. ' 
~Ll=NE~BA=N=K--~[ llllillii~i,1--""""""--'-""=="'-"--
..,Ll...,NE"-""BA=N=K--~[ ~~~~~~~~~~ RING TERMINAL 

==========-r--="""'--'====-TIP T RMINA 

200 POINT LINE FINDER SWITCH 

D 

WITH M 

SWITCHF.S USED IN HANDLIKG A STEP BY STEP CALL 

ThrHe types of Step by Step Switches are used in 
handling a Call: 
1 ) Ll..ne Finder - First Switch used in handling 

2) Connector -

3) Selector -

D .. I AY!! 

C:WITnM 

a Call - Finds the Calling Ll..ne 
when tho Calling Subscriber lifts 
his Handset. 

La.st Switch used in handling a Call -
Finds the Called IJ.ne under control 
of the Calling Subscriber Dial. 

One or more Intermediate Swit~ 
used in handling a Call - Finds an 

88 
88 
88 
8 

0 
r··-------------., 
j 
! 

Idle Path from the 
Calling Ll..ne Firrler 
to the Called Con­
nector, under control 
of the Calling Sub­
scriber Dial. 

D 

SLEEVE TERMINAL 

CONNECTOR SWITCH 

~SLEEVE BAN~K [ 1 ~~~~~~~~~~1 
. ---------~-. 

SLEEVE TERMINAL 

LINE QANK [I llHl!iii~ i---w=<-IRING T'"""-'=-"--ERMINAL 

~ TIPJ~RMINAL 

SELECTOR SWITCH 

SWITGHE.5 USED IN HANDLING A STEP BY STEP CALL 
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Line 
----t,Circui t 

Line Finder 
we===:?": 

When you pick up your 
Han::lset, an Idle Line 
FiDder in your Group 
performs its job: 
locates the Terminals 
of your Line, connects 
you with an Idle "Se­
lector" Switch, alld 
you hear Dial Tone 
( "Number, Please l ") • 
~e Line Fiooer is 
similar in operation to 
the Connector Switch, 
but does its work auto­
matically. 

MAKING A CALL THROUGH A STEP BY STEP OFFICE 

First Selector 

You dial the first 
number, "6." The First 
Selector Shaft and 
Wipers step up to the 
6th Level. The 10 Sets 
of Terminals on this 
Level are wired to 10 
other Selector Switches 
affording access to all 
numbers beginning with 
"6" - 6000 to 6999. 
The Selector Shaft and 
Wipers rotate auto­
matically until an Idle 
Set of Terminals is 
found, and you're con­
nected to a SecoJXi 
Selector. 

Second Selector :s;: 
As you dial "4," the 
secoJ¥i number, the 
SecoJXi Selector Shaft 
and Wipers step up to 
the 4th Level. The 10 
Sets of Terminals on 
this Level are wired to 
10 Connector Switches, 
each of which bas con­
nected to it 100 tele­
phones - those with 
numbers from 6400 to 
6499. The Selector 
Shaft and Wipers rotate 
automatically until an 
Idle Set of Terminals 
is found, and you are 
connected to an Idle 
Connector Switch. 

You dial "5," and the 
Connector Switch Shaft 
and Wipers step up to 
the 5th Level. You di.al 
112," and the Shaft and 
Wipers move around on the 
5th Level to the secoDi 
Set of Terminals. At 
this point, you've reached 
the Terminals of Line· 
116452. 11 The Called Party's 
Bell rings until the tele­
phone is answered, or until 
you hang up. 
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STEP-BY- STEP SWITCHES 

VCRT ICAL ----------. 
orr-NORMAL 

SPRINCS 

Rt Lt AS( 
HACt~ET 
DRACKCT 

ROTARY 
ARMATURE 

SPRING 
ADJUSTING 

SCRCW 

ROTARY 
ARMATURC---'1<'!~_1 

SPRING 

-.............. NORMAL 
POST SPRING 

ASSEMBLY 

NORMAL 
PIN CLAMP 

~]Jl} WIPER SET SCREW 

.. ~BANK WIPER 

PARTS OF 197 TYPE SWITCH AS VIEWED FRCM THE LEFT SIDE 
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BANK ROO 

, - ------- NORMAL POST 

,-------~SHAtT SPRING 
BRACKET 

,-- ------NORMAL PIN 

VERT I CAL 
MAGNCT 

RELEASE 
ARMATURE 

VERTICAL 
ARMATURE 

VCRTIC AL 
ARMATURE 

SRRING 

VCRTICA L 
ARMATURE 

SPRING 
----- --ADJUSTING 

SCRC ll 

TEST JACKS 

PARTS OF 197 TYPE SWITCH AS VIEWED FRCM THE RIGHT SIDE 
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RELAYS-------

RELAY MOUNTING 
PLATE 

&WITCH FRAME 

SHAFT 

200 Point Line Finder Switch and Banke 
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SLEEVE 
BANK 

LOWER 
LINE 
BAM<. 
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...... 
I\.) 
...... 

SHELF TERMINAL 

STRIP 

COMBINED FUSE 
ANO JACI< ,_HEL 

SWITCH I 

'tlCAHT SWITCH POSITlON 

BANK SlffORT 

SWITCH II 

SWl'TtH IO 

AL.ARM REl.A't"S 

sue GROUP R£\.AY'S 

GROUP REL.AYS 

' I I 

198 LINE • CUT OFF RELA"t'S 
lPOSmOlt 10 ANO UO UNEQUIPPED 

USED R>R TEST PURPOSES) 

200 Point Line Finder Unit - 20 Switch Capacity 
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LINE FINDER UNITS 

Older Type 

Newer Type 

Line Finder Bank Multiple 
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FRAME AISLE 
DESIGNATION 

PLATE ---..f 

AISLE 
Pl LOT LAMPS 

FRAME 
DESIGNATION 

CABLE RACK 
SUBSCRIBER INCOMING 

LINE CABLES 

Line Finder Frame 
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LADDER 
TRACK 

TOP 
UNIT 

80TTOfll 
UNIT 
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II TH ROTAff'f SPRING 

SHAFT 

WIPJ"R 

Selector Sw1 tch and Banks· 
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VERTICAL 
MAGNET 

RELEASE 
MAGNET 

+.---Hlllm+--AOTARY 
MAGNET 

SU EVE 
BANK 

LINE 
BANK 
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i 
~ 
~ 

~ 
r-1 
«> 
.s:: 
Cl.l 

"" 0 
~ 
() 

«> 
r-1 
«> 
Cl.l 
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....... 
rv 
°' 

AL.ARit AND 
MISCELLANEOUS EOUIPMENT 

's'sEJBaa'aBEf!ll·1bL~I I r LLQ 88888 

'
1W1UsLUsQ 

~dubbb'cA:J~l·lbU n 11 llQ 18888888 

~a'aa'a'oo\::Ja~1J1Q8Ul 1111 Q 888888 

ms't:Jda8'88Bg!l.11 .. g~ n 1 IUJ~ 88888 l::j 

rls'BldEJa'EJEd~l~~l-~111111~ 88888888 

SELECTOR BAY LEFT 

-- §idiitiLlflWliidlEf 
TOP VIEW 

11 , , , ••• , , • 11clm 
.. • . I I . • • 0W 

rn 
I' • • • • . I . . . 11(lrn • . ' • • • ' I r 

[Il 
11 , , . , . , , .. 1r1ffi 

• I ' •• I • • . . 

k!t::J al ' I : • I . J ' .. ~I~ 

m 
.,[Il 
ill 

II I I I ' • • I I • 11-i[Il . _ . I .•.. I flfl 

II ; 1 ! ! i i i 1 ~ I~~ 
DISTRIBUTING TERMINAL 

ASSEMBLY BAY 

Selector Frame Sketch 

SELfCTm BAY RIGHT 

CASi.£ RAC;K 

l 

SIDE 
VIEW 
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RELAYS 

RELAY MOUNTING \ 
PLATE ~ 

WIPER 

SHAFT 

STANO 

WIPER CORDS 

Connector Swttch & Banks 
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VERTICAL 
MAGNET 

PLUG 

ROTARY 
MAGNET 

SLEEVE 
-----BANK 

LINE BANK 
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,_.. 
I\) 
00 

MISCELLANEOUS TEST 
EQUIPMENT CONN 

CONN 

Connector Shel! - 11 Switch 

VACANT 
SWITCH 
POSITIONS 

BANK 
SUPPORTS 

CONN 
8 

BANK TERMINAL 

( 
STRIP.) 

00-99 

TCI Library  www.telephonecollectors.info 



Connector Frame 

- 129 -

COMBINATION 
LOCAL ANO 
TOU. OAOUP 

PBX 
R<:ffARt 
HUNTING 
GR(KJt 
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XILIARY FRAMING 

Relay Racks 
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THE PANEL DI AL SWI'l'CHING ::>YS'l'£11 

Panel Dial ::iubscrH:er Lines and Trunks connect to f) ·~t 11 punel-~h~ped 11 Multiple 
Banks , resemblini door panels . Mv.:ti ple Brushes mounted on Elevator or Brush 
1<.ods ::love vert.inall~· o\·er vertical rows of Ban!<: 'l'erminals . Brush Rods are 
driven up and down by electr ic motors ( 1/16 hors~ pmter) . The Panel Dial Sub­
scriber diaL1 into a r egister and control device cal) ed a 3iNDER, wh.ich contr ols 
the upward movement of the Br ush Rods on the various Switching Frames . 

Panel Dial SWITCHING 
MANUAL SWI'ICEBOARDS . 

'A' BOARD 

l' IN°'L 
f'AAMt; 

Talking Path is built up , r eplace the 

Path 

'&' BOARD 

- 132 -

TCI Library  www.telephonecollectors.info 



MECHANICAL 'A' BOA.RO 

Ll.nk Frame - Connects the 
~ender into t.hc Switching 

UNI! 
FINOER 
FRAM~ 

F..r~.illles tc set up the Talk- ' 
ing Path , then ::-eleases the /F~!'~e 
Sender for use on other Calls~ 

01.STRICT INCOMING '1NAL 
l'RA.Me FAA.Ml! l'RAMI!. 

Decoder - Informs the Sender where to 
locate Outgoing Trunks to 
the or:ice (Exchange) dialed . 

Sender - 1) Furnishes Dial tone , 
-=-'-";='""""'!A. ( 11 N1unber , please 111 ) . 

2) Registers digits dialed 
by the Subscriber . 

3) Directs or Controls the 
Brush Rods in "build- up" 
of the TaDcing Pa th. 

Panel Dial COMHON CONTROL Ffl.AM2.S , which set up the Talki!li'. Path on the 
Swi 1.ching Fr·"mes , replace the MANUAL OPERATOR/$. 

' A ' &CARO 
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...... 
~ 

T• 

< 1 )I 

~&RUSH cif'POS!Te 
THS &Alli( IS TRIPPED 

ANO TOl.ICHE$ TERMINAL.. . 

BANK 

U>e FINOfR 

I &RUSH 

LINP: flNOfR l'A AM& 

. - .:i ,,r ' \ ~. r:e r:?.1.e..;ic 
(.31 LJ.. Mu~tiple • Fr:llne . 

Banks~ : 

A Panel Dial Subscriber is cabled to a set of 

Multiple Ban.1{ Terminal Strips (2) (T, R, S and H), in a Ll.ne Fine er Frame Multinle Bank (.3,, 
I 

corre~ponding to & Manual Subscriber Line 

in the f'lce of an 11.A" Switchbcard (6).-

(2) Mu:tiple Bank Terminal Strips 

ll'ANll 

T• 

'----IOLOIRING---.J 
TIRMWALa 

is cabled tc an Answering Jack (5 
I 

(4) 
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LINE 
~I~~~ 

DISTRICT 
fRAMi; N,fRlt.~ m:4 

A Panel Dial Subscriber Line (1} also cables to a 

1 cables to a Subscriber Multiple Jack (5) in the face 
.... 
~of the 11B11 Switchboard,6). 

(1 set 

t I I I I I I I I l I I I I I I t 

~ • ~ I l I I I ~u.¢1111• OU# ij " " I "t ' I I I ' ' 1 .. r .. • .,,._ .~ ~111nn11111 • • y I I I 1 1 1 I 1 h·-~· f T I I I I ' I 

Cu1> .. ~>.Y'''1')"1"'"1'''"1""''"'"•' r' r' ''.' '"1'J .. , .. '· ·,"''*1"'"1"'''t"'"('' '' ''·y>·~·J,..,. ,\ .,111,~ ' 1' ' ' fJ r t R,,..,G 

n--' n - .1 J I u I I u!a ~ : ~: : ... ~"'*"*"~"'Q"•:rn•>"'>"•>11•~111 ~rn1:1 lf •: : : I I ·~s i;IU.\. OD~;.axu.u;:uu. u .... m.rTtfJ u 111 . I ii I I I •• I I . "-.. ~ve 

-----,~ I 1 I l~~n~ 
' A' &OARD 'II' &OARD 

(6) LJ22 
subscriber 

Multiple Jack 

(4) 

(J) Multiple Bank 
.SOLO!RING r: 

T!RMINAL.S tr 
.SeT.S E:AC 
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I-COMMUTATOR -

~ ------
···-~ 

' BR.2 • 

The Panel Dial Brush Rod vith \olires inside 

.Ill-------------------------------------- replaces the Manual .QQn!. 
I 

BR.l- 1 

TRIP I 

FINGER 0 I 

BRUSH 

TRIP ROD 

SELECTOR ROD 

MAGNETS 

-TRIP 

.._ DOWN DRIVE 

--up DRIVE 

•.>10 PLUG 
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SWI TCHBOARD CORD 

r'I ~AY ar-8AHO 
GLAZEO 
COTTON 
IRAIO 
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I-COMMUTATOR 

11 
I 

Vertical Column of 
Multiple Bank Terminals 
(T, S & R) for each 
Brush Rod. 

.~~• 
~/ 

Down Drive up 

Up Drive ~~~ 

Clutch~d 
' I 
I on Friction Roll Drive 

Unit. 

BR>-~-...::~~=-i· __ i~_-:_~_~~-Brush Rod 
The Panel 

13R.2 : 

.Multiple Brush 
--~ (1 per Bank) 

- - J.§Q -

Dial Friction Roll DriTe Unit and an 
Electrically Operated Clutch for 
each Brush Rod replace the Manual 
Operator in ~utting up (making a 
connection) 8.Ild ta.king down (dis­
connecting) Cords. 

TRIP 
FINGER 0: 
BRUSH 

TRIP ROD 

MAGNETS 

-TRIP 

- DOWN DRIVE 

1 Making a Con­
nection 

2 Disconnecting 

c::J 
c::J 

4 c::=JO 
c::J 
= c::J 
c::J 

Rack Slots ----,.q;~g 
Rack Slot spacing corresponds to ~ 
the spacing between adjacent Multi- c::J 

( 
~ c=:::l 0 ple Bank Terminals approximately c:::1 

1/8-inch vertical spacing), so that c::::> 

S!CTION 
OP 

RACK 
l'RONT 
View 

the Pawl drops into the Rack Slot to position ~he 
tripped Multiple Brush Shoes directly opposite that 
set of Bank Terminals in any one of the Multiple 
Banks. 
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RELEASE 
SPRING 

(A) 
(B) 
(C) 

RACK 
MAGNETS ROLLER 

DD 
(A) 

Clutch Magnet 
Normal 
Partially Operated 
Fully Operated 

CORK ROLL 
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INCOMING SELECTOR FRAME-WABASH OFFICE 
166~ 
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FINAL SELECTOR FRAME-WABASH OFFICE 
166~20 
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ADJUSTING SCREW Multiple Bank (10 per Line Finder, 5 per other 
Selector Fram8s) 

Multiple Brush (1 per Bank, 
per Brush Rod) 

Oaapensator-----. 

Compensator--_.....~!'--­
Clamping 
Screws 

Bearing·~-----' 

(A) 

40-Brush Rod (Moves vertically} 

Trip lever "'-; ::{;: 
f: ~ 

' .:~:;_ _ I I 
--.,: _. , 1 Reset Lever 

l.J.lf I I 1 

(/ ~POSITION OF TRIP 
LEVER AND FINGER 

RIGHT SIDE VIEW AFTER OPERATING 

Tripping Mechanism - Trip Rod rotated 
by Trip Magnet so that Trip Finger 
engages Trip Lever as Brush Rod moves 
upward. 

ompensating Weight - Used on Link 
Frame short Brush Rods, and Brush 
Rods with less than normal number 
of Multiple Brushes. 
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Panel T~ pc S1·lc<'Li11g MerhuniMn 
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-.....-~~ ~COMMUTATOR 
., ~BRUSHES 

BRUSHES AND BRUSH RODS 
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TRIP 
~OD 
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II 
II 

II 
II 
II 
II 
II 
l'I 

I 

Reciprocatinp: Bar Interrupter (Timer) - For 
opening and closing circuits, such as 
interrupting Dial Tone to make Busy Tone 

Commutator (1 per 

NOTCH FOR 
ALl<iNM£NT 

Seguence Switch (Power Driven Relay, driven 
off Vertical Drive Shaft) 
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METHOD OF HANDUNG A CALL BETWEEN TWO MANUAL SUBSCRIBERS 

In the Manual System, a Subscriber Line is cabled to: 

1) An Answering Jack and Line La.mp in the face of the "A" Switchboard for 
originating calls. 

2) A Subscriber Multiple Jack in each Section of the "B" Switchboard Line­
up for terminatine calls . 

a) A separate Switchboard Lineup is furnished for each Exchange or 
Office Unit (Lincoln, Metropolitan, North, etc. ) . 

b) Subscriber Multiple Jacks are arraneed according to Directory 
Numbers, in groups of 100. 

(2) Subscriber 
Multiple Jack 

.hnswering Jack 

Line I.amp 

' IS' 8 0ARO 

The removal of the Receiver (or Harxiset) from the Svitchhook by the ¥.ianual 
Subscriber lights the Line La.mp at the ~Switchboard , attracting the "A" 
Operator ts attention. The Auxiliary Lamp also lights to indicate the Panel 
in which the lighted Line Lamp is located . 
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METHOD OF HANDLING A CALL BET~ TWO PANEL DIAL SUBSCRIBERS 

In the Panel Dial System, a Subscriber Line is cabled to: 

1) A Set of Multiple Bank Terminal Strips (T, R, Sand H - "Hunt") in a 
Une Finder Frame for ori0inating Calls. 

2) And a Set of Multiple Bank Terminal Strips (T, R, S) in a Final Selector 
Frame for terminating Calls. Subscriber Une appearances on Final 
Selector Frames a.re arranged according to Directory Numbers. 

LINE 
CCT. 

eQUIP'T. 

Clutches and Cork Rolls of 
Friction Roll Drive Units 
for Brush Rods on both Front 
and Rear of Frame. ____ ___, 

DISTRICT 
fRAMe 

(2) 

rr..;;:::::::::::::,..Uc!:l---Une Finder Brush Rod or Elevator 
Rod moving vertically, "hunting" 
for Multiple Bank Terminals of 
the Calling Subscriber Line. 

14,.;;__.==IF=5._,_Mu1tiple Bank Terminal Strips of 
Calling Subscriber Line 

U~~~~-- Multiple Brushes (1 per Multiple 
Bank, 10 per Ll.ne Finder Brush Rod) 

Multiple Banks 
-Hack 

Clutr.h 

The removal of the Receiver or Handset from the Switchhook (Handset OFF Switchhook) 
by the Panel Dial Subscriber: 

1) Energizes the Up-Drive Clutch of one of the Idle Line Finder Brush Rods 
on his Une Firrler Frame, and 

2) Trips the Multiple Brush (one of 10) for the Multiple Bank in which the 
Calling Subscriber Line appears. 

The Line Firrler Brush Rod corresponds to the Manual "A" Switchboard Answering Cord. 
The Panel Dial Muitiple Brush replaces the Answering Cord ~. 
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MANUAL SYSTEM 

The 11A11 Operator connects to ( "firrls") the Calling Subscriber Line by selecting 
an Idl e Cor d Circuit, and inser ting the Answer ing Cor d Plug ir.to the Answering 
Jack, extineuishing the Line Lamp and Auxiliary Lamp. 

'A' &OAAO 

'A' 80ARO 
NUM81!R 
PLt:A51! 

The "A" Operator connects her Telephone Set to the Answering Cord by 
operating the Listening Key, arrl says , "Number , please I 11 
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PANEL DIAL SYSTEM 

l1ultiple Brush contacti 
Multiple Bank Terminals, corre­

8ANK 

LN: FINOfR 

LIN~ "NOfR fRA"4~ 

sponding to Manual Answering Cord ~ inserted 
in Answering Jack of the ''A" Switchboard 

The Up-Drive Clutch of the Line Finder Brush Rod is 
de-energized when the Multiple Brush Shoes contact 
("find") the Multiple Bank Terminals of the Calling 
Subscriber Line. 

A Pawl (1) engages a Slot (2) in the Rack (3) to 
hold the Brush Rod in position. 

1 ) The Ll.ne Finder Brush Rod 
(Mechanical Cord Circuit) 
has been pre-selected by 
the District Finder of a 
Link Circuit on the Ll.nk 
Frame. 

2) The Link Circuit corre­
sponds to the "A" Operator's 
Telephone Set and Listening 
Key. 

3) The Link Circuit now selects 
an Idle Sender (Mechanical 
Operator), connecting it to the 
Line Finder Brush Rod Circuit. 

Rack Slot (2) 

(J)Rack ~ 

LINE FINOER 
l'RAME 

.__--RACK 

c:::J 
c:::J 
c:::::JO 
c:::J 
c::::I 
c:::J 
c:::J 
c:::::J 
e:::J 
c:::J 
c=:J 
c::::::J 

3 c:=::J 0 
e:::J 
c:::J 

4) The Sender transmits Dial Tone 
("Number, please!") to the Calling Subscriber, indicating the Sender (Mechanical 
Operator) is ready to receiver the Called Subscriber Number. 

5) Each Line Finder Brush Rod is permanently cabled to a mate Brush Rod on a 
District Selector Frame; the combination is known as a "Line Finder-District 
Selector. 11 

The Friction Roll Drive Unit and 
Electrically operated Clutches 
replace the Manual Operator's Hand 
and Arm movements in putting up and 
taking down connections at the !., 
Switchboards. i '~~~~~~-i9 

Friction Roll Drive Unit ---~"? -). 
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I 

Electrically Operated Clutch/ 
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MANUAL SYSTEM 

The Manual Calling Subscriber pa.Sses verbally to the 11 A11 Operator the Central 
Office Name or Code and the 4-digit CallAd Subscriber Number (0000 to 9999 -
10,000 Telephone Numbers or Subscriber Terminals). 

LINCOLN 
12.3• 

'A' &OARO 

'A' 80ARO 

·a• 60AAO 

CS (Calling Supervisory) La.mp 

\.Jhen the "A" Operator hears the Central Office Name or Code and the Called 
Subscriber Number: 

1) She tests for an Idle Outgoing Trunk to the Called Office by touch­
ing the Tip of the Calling Cord Plug to the Sleeve of the Outgoing 
Trunk Jack. 
a) A "click" in her Headset indicates a Busy Trunk; 
b) No "click" indicates an Idle Outgoing Trunk. 

2) 'I'he "A" Operator inserts the Calling Cord Plug into an Idle Out­
going Trunk Jack, lighting the CS (Calling Supervisory) I.amp, 

- 148 -

TCI Library  www.telephonecollectors.info 



PANEL DIAL SYSTEM 

------ ---- ----TO DISTRICT SELECTOR 

LINE FINDER 
FRAME 

As soon - a: ~h= ;anel Dial ~~~~ 
Calling Subscriber has ~":"\ 

dialed the Office Code,
1 

Ll)\' ~ 
the Sender seizes an Id e .,,.. 
Decoder. 

1 ) The Sencter transmits ~£._!;. 
the Office Code to 
the Decoder. 

2) The Decoder sets up 
relay combinations 
in the Seooer to 
inform the Sender 
the location on the 

LINK FRAME 

LINE­
FINOER 
FRAME 

Se:NDER 

LINK 
FRAME 

~he Panel Dial Subscriber 
dials the Office Code and 
4-digits of the Called 
Telephone Number, which 
are stored in Relay Digit 
Re isters in the Sender 

Mechanical Operator). 

r:I T0-1Nc40'M1NG 
SELfCTOR 

I 
I 
I 
I 
I 

' ~~1 

LL-="""" I I 
I 

~ I 
J 

DISTRICT 
FRAM! 

DISTRICT 
SELECTOR 

District Selector Frame Multiple Banks of the Outgoing Trunk Group. 
3) The Decoder is then released by the Seooer to service other calls. 
4) The District Selector Frame Multiple Banks correspond to the Outgoing Trunk 

Multiple on the Manual "A" S'Witchboard. 
5) The District Selector Frame Brush Rod corresponds to the Calling Cord, and the 

steps 
1 ) 

LINE 
FINDER 
FRAME 

LINK 
FRAME 

.SENDER 

Multiple Brush to the ~ 
of the Manual 11A11 S\olitchboard. 

With information obtained 
from the Decoder, the Sender 
causes the District Selector 

~ Frame Brush Rod to be driven 
up, so that the Shoes of one 
of the 5 Multiple Brushes 
connect with the Terminals 
of an Idle Outgoing Trunk 
to the Called Office. Three 

are taken in driving the District Selector Rod vertically: 
District Brush Selection - The first up\olard movement - 1 11 to 211 - positions 
one of the 5 Multiple Brushes for tripping. 

2) District Group Selection - The second up\olard movement trips the selected 
Multiple Brush, and the Up-Drive Clutch remains energized until the Multiple 
Brush Shoes contact the First Trunk in the Group terminating in the Called 
Office. This completes District Selections by the Sender. 

3) Hunting - If the First Trunk in the Group is B)sy, the District Selector 
Circuit (no longer under control of the Sender hunts up over the remaining 
Trunks in the Group, stopping when the Multiple Brush Shoes contact the 
first Idle Set of Multiple Bank Terminals . 
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MANUAL SYSTEM 

1) As soon as the "B" Operator is idle (having completed all other calls 
assigned ahead of this one), the Trunk Supervisory (Guard an:i Disconnect) 
I.amp for the selected Trunk (outgoing at the 11A11 Switchboard; Incoming at 
the "B" Switchboard) flashes 60 times per minute to attract the "B" Operator's 
attention. The Auxiliary I.amp (1 per each group of 10 Cords) also glows 
steadily. 

2) The "B" Operator's Telephone Set i s connected automatically to the In­
coming Trunk with the flashing Guard (Trunk Supervisory) I.amp. 

3) T'Wo spurts of Tone (Order Tones - "Beep, beep!") are placed on the Trunk. 
4) Upon hearing the Order Tones, the "A" Operator repeats the Called Number, 

"1234, 11 to the "B 11 Operator. 
5) Then the "A" Operator releases her Listening Key. The CS (Calling Super­

visory) lamp at the t•A11 Switchboard is still lighted. 

' A ' &OARD 

(1 ) Touching t he 
Tip of the Plu 
t c t he Sleeve 
of the Jack. 

VA.-'909-- (2) 
]o.,.ei....,....._ ( 4) 

1) The 11B" Operator makes a Busy Test of Subscriber Multiple Jack 111234." 
2) If the Called Subscriber Line checks Busy, the "B" Operator inserts the 

Incoming Trunk Cord into a special Busy Back Jack. 
3) If the Called Subscriber Line checks Idle, the "B" Operator inserts the 

Incoming Trunk Cord Plug into Subscriber Multiple Jack 111234." 
4) Plugging Up the Call extinguishes the flashing Trunk Supervisory (~) 

I.amp, also the Auxiliary I.amp, and diRconnects the "B" Operator's Tele­
phone Set from the Incoming Trunk Circuit, ready for assignment to the 
next Call Waiting. 

5) Ringing Current is applied automatically to the Called Subscriber Line. 
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The selected Outgoing 
Trunk on the District 
Selector Frame Multiple 
Bank terminates as an 
Incoming Trunk on one of 
the Incoming Frame Brush 
Rods in the Called Office. 

PANEL DIAL SYSTEM 

LINE 
Pll~OER 
fRAMe. 

LINK 
FRAMe 

DI.STRICT INCOMING 
FRAME FRAME 

FINAL 
SfL 

FINAL 
FRAME-

This Incoming Brush Rod is 
driven up, ur:rler control of 
the Sender, so that the Shoes 
of one of the Multiple Brushes 
contact the Incoming Frame 
Multiple Bank Terminals of an 
Idle Trunk to the Final Selector Frame on which the Called Subscriber•Li.ne appears. 
Incoming Selections (IB - Incoming Brush, and IG - Incoming Group) are governed by 
the "thousands" digit 111 11 and the "hundreds" digit 112 11 of the Called Subscriber 
Number registered in the Sender. 

r----, 
I (6) I 
L-- - _J 

The selected Trunk on 
the Incoming Selector 
Frame Multiple Bank 
terminates on one of the 
Brush Rods of the Final 
Selector Frame serving 
Directory Numbers 1000 
to 1499, including the 
Called Subscriber, ~. 

2) This Brush Rod is 
driven up, under control 
of the Sender, so that 

the Shoes of one of the Multiple Brushes connect to the Final Selector Frame Multiple 
Bank Terminals of the Called Subscriber Line. Upon 11 cut-through 11 to the Called Sub­
scriber Line, the Link releases and the Sender restores to normal. Then the Link 
connects to an Idle Line Finder-District Selector Circuit, ready to handle the next 
call. 

DISTRICT 
fR,..Mc 

INCOMING FINAL 
FRAME FAAMc 

J) The Mhundreds" digit "2" sets the Final Selector Frame Multiple Brush Rod for 
tripping (The Brush Rod is driven up, under control of the Sender, 1" off normal 
for tripping Brush No. O, 1i" for No. 1, 1tn for No. 2, 1 J/4" for No. 3 and 2 11 

for No. 4.) Multiple Brush No. 2 to "work" in Multiple Bank No. 2 (third up from 
the bottom) serving Directory Numbers 1200 to 1299. 

4) The 11~11 digit 2 causes the Final Selector Frame Brush Rod to be driven up, 
tripping Multiple Brush No. 2, and stopping the Brush Rod with the Multiple Brush 
Shoes contacting Multiple Bank Terminals (T, R, S) No. JO. 

5) The 11units 11 digit ~ causes the Slow-Speed Up-Drive Clutch to engage, driving 
the Brush Rod up so that the Multiple Brush Shoes contact Multiple Bank Terminals 
No. 34 of the Called Subscriber Lineo 

6) The Ser:rler then restores to normal (releases), ready to set up another call. 
7) The Final Selector Circuit checks the Called Subscriber Line to determine if it 

is Busy or Idle. 
8) If the Called Subscriber Line is Busy, the Final Selector Circuit restores to 

normal, "setting" the Incoming Selector Circuit to return Busy Tone to the Calling 
Subscriber. 

9) If the Called Subscriber Line checks Idle, the Final Selector Circuit signals 
the Incoming Selector Circuit to apply Ringing Current to the Called Subscriber 
Line. 
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MANUAL SYSTEM 

When the Called Subscriber answers (Called Ha~set OFF Switchhook): 
1) Ringing Current is tripped (cut off) automatically. 
2) The Q9. (Calling Supervisory) I.amp at the "A" Switchboard is extinguished, 

signaling the 11A11 Operator that the Call has been completed. 
3) The "A" Switchboard Cord Circuit supplies Talking Battery and Ground 

to the Calling Subset. 
4) The "B" Switchboard Cord Circuit (Incoming Trunk) supplies Talking 

Battery arrl Ground to the Called Subset. 

r---------- ------ ---...., 
I '1 --------. I 

Calling 
Sub . 

I 'A' flOAAD I •a• aoARD I I 

I I 
I 

1 ) When the Manual 
Subscribers finish 
talking a.nd replace 
their Handsets, a 
"Double-Disconnect" 
Signal appears at 
the 11A11 Switchboard. 

2) The "A" Operator 
takes down both Cords, 
which brings up the 
Disconnect Signal at 
the 118 11 Switchboard . 

3) The 118 11 Operator 
takes down the Trunk 
Cord, restoring the 
Switchboard Equipment 
to normal. 

4) The Called Handset ON SWitchhook lights the 
at the 11A11 Switchboard . 

Calling Supervisory (CS) I.amp 

5) The Calling Handset ON Switchhook lights the Answering Supervisory (AS) 
Lamp at the 11A11 Switchboard . 

6) The "A" Operator takes down the Calling Cord at the "A" Switchboard, 
extinguishinZ the Calling Supervisory iQ§.1 I.amp, and lighting the Trunk 
Supervisory Disconnect) Lamp at the "B" Switchboard. 

7) The 1'13 11 Opertttor takes down the Trunk Cord at the "B" Switchboard , ~­
guishing the Trunk Supervisory (Disconnect) Lamp, and restoring the "B" 
Switchboard to normal. 

8) .The 11A11 Operator withdraws the Answering Cord Plug from the Answering Jack 
at the '"A" Switchboard , extinguishing the AS (Answering Supervisory) I.amp, 
and restoring the "A" SWitchhoard to normaI:' 
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PANEL DIAL SYSTEM 

When the Called Subscriber answers (Called Handset OFF Switchhook): 

1) Ringing Current is tripped (cut off) automatically. 

2) The District Selector Circuit supplies Talking Battery an:i Ground to the 
Calling Subset. 

J) The Incoming Selector Circuit supplies Talking Battery and Ground to the 
Called Subset. 

LINf DISTRICT 
FINDER FRAME 
FRAME 

INCOMING PINAL 
FRAME ~RAMf: 

LINE DISTRICT 
l"INOfR FRAME: 
FRAME-

When the Panel Dial Subscribers replace their Handsets, the 1) IJ..ne Finder, 
2) District, 
J) Incoming, aoo 
4) Final Selector 

Brush Rods restore to normal, ready for use in handling other oalls. 
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MANUAL SYSTEM 

,---------- -- - - ---~ 
: : ,....--------, 
I 'A' 90AAO I '8' &OARO 
I I 

I l 
! '"Qi~~ 

CA&.L..!O STATION 

A Call from a LINCOLN ¥ianual 
Subscriber to a NORTH 
Manual Subscriber would 
originate at the LINCOLN 
~ Switchboard a.rxi termi­
nate through the NORTH 11Bn 
Switchboard . 

CALLEO 
A Call from a NORTH Manual STATION 

Subscriber to a LINCOLN Manual 
Subscriber would originate at 
the NORTH "A" Switchboard and 
terminate through the LINCOLN 
11B11 Switchboard . 

NORTH 

' 8 ' BOARD 
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A Call between two NORTH 
Manual Subscribers would 
originate at the NQRTH 
."A" Switchboard and terminate 
through the NORTH "B" Switch­
board . 

LINCOLN :.:.-:-o:;--------1 
I I 
I I 
: I 

'A' BOARD 

' I I 
I 

r--- _____ .J 
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In handling a Call between 
two NATIONAL Panel Dial 
Subscr ibers: 

1 ) The Line Finder and 
Dist r ict Selector 
Frames replace the 
Manual "A" Switchboard 
as the or iginating 
switching equipment. 

2) While the Incoming and 
Final Selector Frames 
replace the Manual 
"B" Switchboard as 

PANEL DIAL SYSTEM 

the terminating swi tcbing equipment. 

r----------- ------- -------- ---, 
I I 
I I 
I I 
I I 
I I 
I I 

LIN 01.!> 
l'INOER l'RAl.E 
l'RAME-

I 
I 
I 

NATIONAL I 
_J 

INCOMf\IG FINAL 
FRAM! l'RAl.I! 

A Call made by a NATIONAL 
11~.._--J Panel Dial Subscriber to a 

LIN! DISTRICT INCOMING PINAL 

METROPOLITAN Panel Dial 
Subscriber is switched 
through : H4D!R l"RAMl!-

PRAM! 
"RAM! ,.,4AM! 

METROPOLCTAN 

--------· . . __ ..,. ___ ------
NATIONAL 
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1 ) The Line Finder and 
District Selector 
Frames in the 
NATIONAL Central 
Office Building . 

2) The Incoming and 
Final Selector Frames 
in the METROPOLITAN 
Centr al Off ice Build-
ing, and 

J) The Sender in the 
NATIONAL Office has 
contr ol of all 
selections in both 
Central Office;:--
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PATH OF A CALL FROM A MANUAL SUBSCRIBER TO A PANEL DIAL SUB.SCRIBER 

1) The Manual "A" Operator passes the Called Subscriber Number to the 
Panel Dial "B" Operator. 

2) The Panel Dial "B" Operator keys the Number into the Sender. 
J) The Sender sets up the Call from the Incoming Trunk to the Called 

Subscriber Line through the Incoming and Final Selector Frames. 

MANUAL OFFICE 

Switchboard Operator's 
Position 

Incoming Frame 

PANEL 
OFFICE 

Incoming Trunk 

f, 11.l&M LCAllS 

Trunk 
Firrler 

Serxler 
Selector 

Link Freme 

Call Distributing 
"B" Switchboard 
Operator's Position 
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Final Frame 

Sender 
Frame 

D 

D 
CJ 

PAHtL orncc 
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PATH OF A CALL FROM A PANEL DIAL SUBSCRIBER TO A MANUAL SUBSCRIBER 

ADCI (Automatic Display Call Indicator) Method 

1) The Panel Dial Calling Subscriber dials the Called Subscriber Number into 
the Panel Sender. 

2) The Send.er controls selection of an Idle Outgoing Trunk to the Manual Office. 
3) The Sender "outpulses" the Called Subscriber Number, over the Trunk, into 

the ADCI Equipment in the Manual Office . 
4) The ADC! Equipment r egisters arrl translates the pulses into signals which 

light up the proper digits on the Indicator glass plate. · 
5) The Panel Dial "B" Operator reads the Cal led Subscriber Number on the 

I ndicator arrl inserts the Incoming Trunk Cord Plug into the Subscriber 
Multiple Jack, "wiping out" the display. The ADCI .Equipment is no'W ready 
to handle the next Waiting Call. 

6) Since this method of handling calls was developed for the Panel Dial System, 
the pulses are called J:Q.I (Panel Call Indicator) Pulses. 

10 
CALLING 
SUBS. 
<PANELi 

PANEL LINK FR 

TAK 

TO C.Al..LEO 
SUBSCRIBE: A 

<MANUAi..> 

---------- ., 
l LEAOS 

J LEADS 

SE"IOER 

I 
TRUNK F•NOEFI I 
SPLITTING KEY I 
~::?c5ufr0;nROL. 1 

FIECOR05a CKT. 

I 
I 

PATH OF A CALL BEl'WEEN PANEL DIAL SYSTEM AND MANUAL SYSTEM SUBSCRIBER 
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~Call Indic~tor 
Display 
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..... 
(JI 
co 

DISTRICT 
FRAME 

LINE FINDER 
FRAME 

Office 
t--1--~u.----1 Frame 

1 

11'10 

-l-{~~-:--- --"Wt.:---

MONROE PANEL OFFICE 

MONROE PANEL OFFICE 

In large Central Office Buildings, the number of Outgoing Trunks to the 
different Central Offices exceeds the capacity of the Distriat Selector 
Frame, Additional Trunks appear on Office Selector Frames. Thus some 
Calls are switched directly to the Outgoing Trunk through the District 

INCOMING 
FRAME 

TERM. SEN0£R INCOMING INCOMING 
LINK FRAME TRUNK FRAME LINK FRAME 

TERM. ~HOER INCOMING INCOMING 
LINK FRAME TRUNK FRAME LINK FRAME 

t:O §§.EE 
§. I 

INCOMING FRAME 

FINAL FRAME -

LINE LINK FRAME 

§ 
§ 
§ 

LINE LINK FRAME 

i:::J 
:i:::::::l 
:i:::::::l 
l=l 
l=l a 
t:::l 

t:::::I 
:c::l 
:c::l 
:c::l 
t:::::I 
§ 

WNITEHALL 
OFFICE 

"Allll.l 

lllOWAY 
OFFICE 

·~ 

BOULEVo\RO 
OFFICE 

(No. 1 
Crossbar 

DRt!XEL 
OFFICE 

(No. 1 
Crossbar 

Selector Frame, while others are routed through the Office Selector Frame. 
The Decoder sets up the Sender for Office Selections (OB and OG - Office Brush 
and Office Group), in addition to District Selections, when Calls are routed 
through the Office Selector Frame. 
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• 
• 

I 

• 
• 

.-----------·-·-
v MDF H .., ~ 

I 
' 

I I 

I ! 

L_i 
MR.R 

SU~. SCT 

,------------, 
; MUL Tt·CONTAC:T i 
L_ GAN~M:LA~_J 
r-----~- -----., 

, COO!: RtGISTO' : 
1 RELAYS i 
__________ _J 

.------- --------, 

1 DIAL PULSt : 

' R[Gt.Ha. RtLAn \ 
--- --t-- - - - __ J 

---------1-- ·---. 
DIAL l"U~E: '. 

Rt LAYS '. 
L ______________ _J 

H I.OF v 

r------~---., 

i ROUTE : 

~====r_==-~ i 
I }-- I W 
I TIUN~t.ttTTING I 0 

: RELAYS / 
L-----+-----J 

\J 
Z. 

! ;-----,-----; 
; SE:LE:CTION I 
: REG~TtR RCLAYS : 
L-----+------J 

.-------- -f~-----, 
I SC:LE:CTION CONTROL I 
: RELAYS AND 2 1 
I ICQ.UCNC( SWITCHESI 
l__ -- - -- - -~ ---- _J 

& w 
0 
z 
w 
~ 

LINE FINDER FRAME SUBS LINK FRAME DISTRICT FRAME 

-

D.SA 
BOARD 

r 
I 

' 
o===lil • 

o--«1111 II ·---.J 

LIN~~ 

c1rcu1T 
DlSTRICT 
CIRCUIT 

)===to-°"= ) 
b d 

F=*'0!9=::= l 
0 cf 

I ' I 

I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
l 
I 

. 

I 
I 
I 
I 
I 
I 
! 

..... 

-

' -
- I 

~,/IC-.. _,__- oa """" __ aa 1 

~ 0 0~ QJ1I> 0 0 "°-0 I 
~8 8~ !llli> 0 0 6l!liJ I T--- ~,__ i --IT I 
I I I I 
I L-.J I I I . _______________ j I 
' L--------------------- .__ __ ----------------------_J 

I 

... -I ID 

I= =«I 

Iii:> 

a== ~ 

,~ 

• iii 
="~ r----. 

.....,.. uu 
0 '1li} 
0 '1lJJ --

" ! 
\ 

I 

I 
I 
I: 

I ,, 

! 

v TD.F. H 

vTMD.fH 

-

_ _J 
OG.T 
TEST 

BOARD 

fltOM LOCAL ------------!. W __ .....,_...F_lt()M __ O_T_H_ER_ 

2 W f"lilOM MAHU~ ·--.:..:..._ ...... ____ _ 
EQUIPMENT REQUIRED FOR 
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OFFICE FRAME 

Ii '" 

QG.T 
TEST 

v TD.F." H BOARD -
~ ......... 

.!£ I I .,_ ... v .. ~ ........ 
~./"" 

OFFICE -..-- ........ - F= .. 
~ .......... 

CIRCUIT ... ~-
I 

Ii'" 

IF ~ 

., 
Ii :> w w 

!:! u ... ~ ... to.. ;:. 0 ~ 0 0 ~ 

vTMDfH It ~ .., 
9 ~ ; 

0 e i i" • !> 
2 "!.-"" ...... ~ A"= c::~ 

~--- au Uu 
( II- llill> 0 ® &J!..Q 

~ ...--- 0 ....,.. ~ C9\.Q1J 

I 
I 
I 
I l_J 

INCOMING FRAME 

INCOMING 
CIRCUIT 
' ' ~ ' I 

I 

i 

: 

...... ], 

Ii " 

>= ~ 

' .. 

i '" 

I "'= ~ 

Ii .. 

-

-

--
I 

FINAL FRAME 

FINAL 
CIRCUIT 

I 

i 
I 

L---....J 

!Ji•- .. 

Ii> 

Ii 19 

I)= • 

Ii> 

I)= ~ 

.... 

-
•• -

v LO': H H M.D.f v 

_ ...... 

---.----i' 

CALL DIST 

-

SUB. SET 

I 
I 

CALL _____ i DISTR . 
; ,.B" LINK ' 

IO KEYS 

)!CALL 
,OISTR 
I "s" 
jswso. 

i 

POSITION 
$ELtCTOR 

START 
CIRCUIT 

I 

TRIP 
CIR:UIT 

~=t I 
I 
I 
I 
I 
I 
I 
I 
I 
I r--------.J I 

r--------.J 

i SENDER 
I CIRCUIT L ___ _ 

~ 
Io c 

I ~ 
I I 
I I 
I I 
I I 

f ltOM LOCAL PANEL ornc.c I 
~-~w __ ..._._~_IC'JU ___ o_TH_E_R_PAN£L __ ~or_r_1a __ s___________________________ i 

L __________ J 

'---------------

~,--~W::.._....._--.r~.-o-M...;;MAHU~-ALm;;,.,;Of;.;..PT,;.,;l.;;,;CE;;.,;,S~----------------.,_-----------------------------•'-_________ ...._ _______ _ 

REQUIRED FOR HANDLING PANEL DIAL TRAFFIC 
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NCOMING FRAME 

ING 
llT 

I 
I 
I 
I 

L_.J 

FINAL FRAME 

FINAL 
CIRCUIT 

I 
I 
I 
I 
I 
I 
I 

I I 
I I 
L----' 

;CALL 
! OISTR. ', "s,, 
[SWBO. 

H MD.F v 

POSITION 
~ELtCTOlll 

" " CALL DIST 8 LINK FRAME 

SUS. SET 

START 
CIRCUIT 

I 
I 
I 
I 

TRIP l 
CIR:UIT : 

r-------.J t 
r-·------__.J 

SENDER 
CIRCUIT 

:'Ii 
11:1 

, Ir 

I 

I I 
I I 

I I I I 
I I I I I L __________ J I 
I I 
I I 

~------------------------~ 
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THE ClWSSBAR DIAL SWITOIING SYSTEMS 

Crossbar - So called because of Horizontal Selecting Bars mounted across, and 
in front of, Vertical Holding Bars on the Crossbar Switch, the main 
Switching Device in building up a Talking Path between two Subscribers. 

Main Divisions of Crossbar Switching Equipment (No. 1 Crossbar Dial System) : 

1 ) The Corrmon Control Equipment, which replaces Switchboard Operators, 
builds up a Talking Path by operating Crossbar Switches on the Frames 
making up the Switching Network . 

1 t 

ORIGINATING 
MARKER 
'RAWE 

"A" Operator 

,, ,, 
TERMINATING 

MARKER 
l'RAllE 

"B" Operator 

2) The Switching Network, which replaces the Switchboards , consisting 
principally of Crossbar Switches on which the Talking Path is built up. 

CALLI NG 
TELEPHONE 

LINE 
LINK 

l'RAll( 

eo"iif11oi:'ui 
CIRCUIT 

OISTIUCT 
JUNCTOll 

l'RAllE 

DISTRICT 
LINK 

l'RAlol[ 

Ofl'IC[ 
LINK 
l'IWolE 

CONNECTOll 
CIRCUIT 

INCOMING 
TRUNK 
fRAllE 

INCOMING 
LINK 
fRAllE 

LIN[ 
LINK 

l'RAll[ 

CONTROUER 
CIRCUIT 

CAU.ec> 
STATION 

CALLEO 
TELfPHONE 

3) Connector and Sender Link Frames - Afford the Common Control Equipment 
access to the Switching Network Frames in setting up a Call . Corresponds 
to the "A" Operator 's Listening Key or the "B" Ooerator 's Position Circuit. 

I SUISCflll[ll 
CONTROLLEll 1 llNOER 

ClllCUlt I LINK 
I l'RAME 

I 
' l 
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LINE 
JUNCTOR 

CONNECTOR 
fRAME 

LINE 
CHOICE 

QOlfjECTOR 
FRAME 

BLOCK 
RELAY 
,~ .. £ 

I 
I 
I 

NUllHll 
GROUP r CONNECTOR 

I '11AllE 
---~ 1 
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Crossbar Dial Subscriber Lines and Trunks are cabled to Crossbar Switches 
mounted on the Switching ~!etwork Frames. 

Calling 
Subscriber 

NO. 5 Crossbar Dial System 

(
Link - A 3-Wire Path (T, R, S) between Crossbar Switches 

on the ~e frame• Li.ne Ll.nks & Trunk Links. 

A 3-Wire Path (T, R, S) between Cross­
bar Switches located on different type 
frames. 

LllE LINK FRAME Trunk Switch 
Junctor 

"""'--::bi~ -4<5:+----1 IHTRA0Ff'!C£ 

Called 
Subscriber 

Line SID. tchj 

Terminating Channel 
\T,Rllo S 

Line Link \ 
-June tor 

Crossbar Frames are made up of 3 Major Apparatus Items: 

'TRUNIC: 

1) Crossbar Switch - Used principally in building up the Talking Path . 
2) Multicontact Relays - For connecting a large number of leads between 

Frames in setting up a Call. 

3) General Purpose Relays - Used in Trunk Circuits and Control Circuits, 
Registers, Senders, Markers, etc. _ _.._ 

ntE CROSSBAR SVIITCH 

A "2-Step11 Relay made up of a large number of "make" contacts on Operate Springs, 
arranged in Horizontal Rows or Levels, and stationary mate contacts on V~rtical 
brass Mult iple Stri.I?..~ · ,,. 

Horizontal 

100-Point Crossbar Switch 

- 162 -
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• 
~L4~~~~~ ~I· 

(Precious Metal Contacts) 

oriz. Multiple~ 
Vert. Multiple~ 5 

Cros~bar Switch Convention 

Bifurcated (Split) Operate Sarings with Twin 

~rossbar Switch 
Vertical Unit 

Precious l~tal Contacts 

200-Point 
Cr os-;;bar 
Switch 

Rear View of Cr ossbar Switch ,..hewing Horizon1 :11 (Banjo) Strapping of 
Operate S,..,rings. 

lOQ-Point S\.•1tcb 
G:.Q Verticals - !QQ Crosspo1nts) 

9 

7 

5 
J 
l 

8 

6 

4 

2 

11 

I I 

-+t 
' 

t 
~ 

,___ 

2J 451>' 89 

:;:- Horiz. RO\ls .or Levels~ 
J-W1re Sw1t~b - J 

W1reajievel(T,R,S) 
6-Wire Switch - 6 

W1res/L8vel -
2 Sets of T,R,s. 

. 

Leyels formed by Banjo­
Strapping Qperate 

~ Springe in Vert.Unite. 
Verte, - Vert. Mult. Stri 

2QQ-Po1nt Syitch 
(~Verticals - ~ Croeepointe) 

I 

• 
I I I 

I • I 

~ I , 
7 I 

9 19 
P8 L Crosspoint 1n each Vert. Unit - 3 in 

3-W 1re Sw. 4 6 1n 6-W ire 9.1. 
Crose point 

(Stationary Contacts). 
A Cr osspoint is closed by operation of a Selecting l.\agnet (located at the end 

-

of the Switch) , followed by operation of a Holding M~gnet on one of the Vertical 
Units , After operation of the Holding agnet , the Selecting l.\agnet releases . 
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Con~~c-~ ;.;~1-~i2le 
One set of Contacts f o 
each of 10 Operate Spring 

ADJUSTABLE 
SUPPORT FOR 
SELECTING FINGER 

SELECTING 

CONTACT 

HOLDING BAR 

- 164 -

ACTUATING CARO 

(I) The electromagnet marked (A) 
pulls the car-like projection (8). 
This tilts the horizontal bar so 
that a wire (C) projecting from 
the bar into the switch mechanism 
is raised into position. 

(2) The electromagnet (0) now oper­
ates and pivots the "ertical bar 
(E) inward. The vertical bar press­
ing against the projecting wire 
(C) closes the contacts and com­
pletes the connection. 
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3 of 10 Possible Paths Through a Crossbar Switch 

--- ~ 

------ .. - ------ I ' -- ... - -- ' -
0 IJ t IJ 0 0 I l 0 4. 0 

Common Control Equipment operates Crossbar Switches , closing a set of 
Crosspoints (on Switching Network Frames - For example : Line Link and Tr unk 
Link Frames in No. 5 Crossbar) to pick up the 'free ends" of one set of short 
pieces of circuits (Links and Junctors , wired to Crossbar Switch Verticals 
or Horizontals.) , and "ties" them together to build up a Talking Path . 

Calling 
Subscriber 

Calling 
Subscr iber 

Called 
Subscriber 

No. 5 Crossbar DIALit>lJ Channel 
TRUNK LINK FRAME 

No. 5 Cr ossbar INrRAOFFICE Call 
L INE LINK FRAME 

L INE LINK FRAME TRUHK LlflK FRAME 

"I( APP INTRAOFf'lct: 
T,R.a S 'rRUNll'. 

Terminatin Channel "8" APP 

T , R a S 

No. 5 Crossbar OUTGOING Call 

LINE LINK FRAM[ TRUNK LINK FRAME 

Calling 
Subscriber 

Oriainatin Channel ouTGOtNG 9-+-7 ____ ......,_T,-R-a;;..s;.::;.;..;.;;i.....;;;;,;,==:..::...+c>-+ -t-o ...... --... TRUHI( 
T ,Ras~ ___ TaR 

To 
Another 
Central 

Off ice 

Called 
Subscriber 

L INE LINK FRAME 

No. 5 Cr ossbar INCOMING Call 

TRUNK LINK Fi.AME 

Terminati ng Channel INCOMING 

T, R as T. II as T ICVN-: T a II 
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From 
Another 
Central 

Office 
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Subscriber Lines cable to Vertical Units of Crossbar Switches on Line Lin!~ Frames. 

No. 1 Crossbar No . 5 Crossbar ----
Line Link Frame Line Link Frame 

Subscriber 
Line 

?rimary / 
Switch 

3?.condary 
Switch 

Trunks cable to Horizontals or Levels of: 
1) Office Link Frames in No . 1 Crossbar. 
2) Incoming Link Frames in-NO:° 1 Crossbar. 
3) Trunk Link Frames in tJo . 5 Crossbar. 
4) TrUili<IInk Frames in 'C';ossbar Tandem. 
5) Office Link Frames in Crossbar Tandem. 
6) Incomin0 F::ar.:cs in No. 4A Crossbar Toll. 
7) Outgoing .Frames in No . 4A Crossbar Toll. 

Links are paths between Crossbar Switches on the ~ Fra~. 

Junctors are paths betweeQ Crossbar Switche~ on different Frames. 

NO. 
Office Lin!· 

(_Horiz. to Vert . )~ 

1 CROSSBArt 
Office 

Link 

Incoming ;{Incoming Link 
Link I (Vert. to Horiz.) 

CALLING 
TELEPHONE 

LINE 
LINK OISTRICT 

FRAME JU NC TOR 

OISTRICT 
LINK 
fRAME 

CoNTROLLER FRAME CONNECTOR r 
CIRCUIT CIRCUIT I I .__ __ _.. 

Office Junctor -nil:f~~ino 
- ·--- 1) J 

r~o. 5 CROSSBAR 

LINE LINK FRAME 

INCOMING 
TRUNK 
FRAME 

F1·ame · 
LINE 
LINK 

f'RAME 

CONTROLLER 
L'----' I \ CIRCUIT 

Lincoming'Trunk 
2) 

TRUNK LINK FRAME 

Calling 
Subscriber Line Link Link 

Trunk Link 

CHOSSBAR TA?ma;_Aunctor 

TRUNK LINK FRAME ~FICE LINK FRAME 
OUTGOING 

TRUNK -~~~ _O_f ~~c_e_L_i_n_k 
OFFICE LINK 
CONNECTOR 

NO. 4A rnossBAR TOLL 
INCOMING 

FRAME 
OUTGOING 

FRAME 

Ii\)°"ing Trunks i,...........__,..,_. +-o. ___ L Outgoing r 7) 
Trunks 

Incor.iin9 Llnk ~Outgoing Link 

166 
_ Junctor 

CALLEO 
TELEPHONE 

-Line 
June tor 

To 
Another 
Central 

Office 
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Crossbar Switches are used in "Tandem" (one following 
y£afilkfr19 Path thro1;9h the Switchinn Frames . 
bar System Line Link Frames: 

thr-- other) in buildi1!9. 
For example, in Cross-

10 Switches mount . one above the other , l.n..2.._'.::ay (the space between 
two Vertical Uprights) - Ho . 1 Crossbc..1r ?rima_ry Gay , 

!lo. 5 Crossbar L:i:ne Switch Bay. 
10 Other 3witches mount , one above the other, in a second 13ay, along­

side the first Bay - l!o . l Crossbar Secondary Bay , 

Mo . 5 Crossbar 
Line Link Distribution or 

Spread 
Line Switch Bay 

(Horizontals) 
to 

Junctor Switch Bay 
(Horizontals) 

Subscriber Lines 

- 167 -

t~o . 5 Srossbar J1Jnctor Switch Bay . 

fll()M 
/.,---IO LINES :-. 

.~~~f--l~-+-+-+-.+:-------+-------t-t-t--'r-1r-t-t-r--i::t. 
• 1 
1 • 
a-+-+-~1-1--+-+--+--+--+----~ 
,_+-+-r 9 ·-+-......... 1-
1..+-+-+-l-I--+-+-+--+--+-----• 
t-+-+-+-1-1--+-+--+--+--+-...._, 
1..+-+-+-1-1--+-+--+--+--+-"'"""' 
o+-+-+-1-1--+-+-+--+--t-~ 

/,,--- 10 LINES 
t+--1-------;-~ 

8 

,--/.::==:::_- 10 LINU---..:-. 

·------+--~ 

1 

r: 
/.,---10 LINES 

•+---------f"'"'4 

o-+---------f"'"'4 
/.,----10 llNf:S 

•'-+---------~ 

• o....._ _______ ...,_ 

/,,----IO l1,.tS ---..~ 
•-+-----~-+~+-

o-+-~~----+-+-

IO LIHlS ---.r: 
,,_,---IO UNfS ---.., 

9 

~lt'JUNCTOM~ 

• re-.......i"-+-+-+--+--+--+-~• 
...... ......,"-""+-+-+--+--+-+-+-~• 
-+-+-+--+--+-+-+-t-t~• 

-+--+-+-+-• 
-+--+-+-+-• 0 

-+-+-+--+-.._ ..................... ~, 
-+-+-+--+--+-+-+-t-1~1 
l.-......... "-+-+-+--+--+-+-+-~ • 

~-+--+---+-+-t-t-+-+---~~~~t---~-+----+-+-__ ...,_+-~1-t-+-t-O 

~ine S~itches 0 Horizs. of 
10 ~ Links from 

Line Switch Bay Line Sws.l-8 
Respectively 

10 
Junctor Switches 

Junctor Switch Bay 
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Juoctar Switches ir~ Sw1tc~ 

No. 5 Cr ossbar 
Trunk Link Distribution or 

Spread 
Junctor Switch Bay 

(Verticals) 
to 

Tl'unk Switch Bay 
(Verticals) 

200 
Juncto:es 
Fro:n Ll.ne 
Link Fram 
Terminate 
Junctor S 

es 
on 

w. 

/ 

I Sw.!f9 

I Sw.1:a 

I Sw. /t7 

I Sw.tt6 

I Sw. ff5 

I Sw. /t4 

I Sw. •;3 

I Sw . t/2 

I Sw. /tl 

I Sw. #0 

' 
_.__-_-_-_-_-_-_-_-_--I - - - - --, 

t o 
JIJNCTOll' 

( 10/tlalf Sw. 

oft 
Ital 

Jc tr 

,- - - - - -1 
1 Junctor 1 
1 Switches, 
~ ~.:~~~cj 

r---------
1 

I 
I 
I 
I 

tj"l I 

al : 
I 
I 
I 
I 
I 
I 
I 

t I 
_ _J 

ft Rig 
20 

JUllCTOllS 

(10/llalf Sw. 

Half Hal 
Jctr . 
Sw. 

0 

... 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~ 
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Trunk 
Tini< 
Fl'ame 

200 
Trunk 
Links 

(Jctr.Sw. 
Verts . to 
Trunk Sw. 
\'erts. ) 

TRUNK 
LINK 
FRAME 

• I Sw. /19 ) 

I Sw.;:a I 
I Sw. r/7 I 
J Sw. ff 6 I 

' 

Sw. ;/5 

">w. u_4 

Sw. ff3 

Sw. /12 

Sw. /f l 

Sw. #0 

I 
I 
I 
I 
I 
I 

Trunks am 
Originating 

Registers 
Cable to 
Trunk Sw. 

Horizs . 

r---------------1 

eft JUgh t 
ialf Hal f 

k 

I 
__ _J 

r - - ---, 
' Trunk 1 
1 Switches 1 

:__ ..!-..? !l ~ !.~ 

r--------------1 
: I 
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No. 5 Crossbar - Typical Junctor Distribution Pattern 

SUBSCRIBER 
LINES 

SUBSCRIBER 
LINES 

LINE 
LINK 

FRAME 
19 

LINE 
LINK 

FRAME 
09 

100 
A No . 5 Crossbar Junctor is a 3-~1ire 

Path between Crossbar Switches .Q.U 
Different Frames . 

TRUNK 
~~~---t LINK 

FRAME 
9 

TRUNKS 

TRUNKS 

SUBSCRIBER LINE 100 
LINK 

TENOR LESS 
TRUNK LINK FRAMES 

LINES FRAME JUNCTORS 
00 

TWC:NTY OR LESS 
LINE LINK FRAMES 

NO. 5 Crossbar CHANNELS 
A Channel is a combination of 1) a Line Link, 2) a Junctor , and 3) a Trunk Link , 

selectedby the Common Control Equipment , and " tied" together , end- to-end , 
by Crossbar Switch Crosspoint Closures , to i nterconnect a Subscriber Line 
and a Trunk or Register. 

Dialing Channel - Connects a Calling Subscriber Line to an Originating 
Register . 

Originating Channel - Connects a Subscriber Line to a Trunk. 
Terminating Channel - Connects a Trunk to a Subscriber Line. 

JUNG TOR I 
) 

_S!_IT_90_N~!_ 
1 UN[ LIN~ I I 

I 
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S• ITCH r---
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I 
I 0 ·--<> I 
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JUNCTOll 
Swire .. NO.O - - --., 
~-+- • 

2 JUHCTOR 

CHAllflCL I NO. 9 
CHA*El N0.0 

JUNG TOR 
SWITCH N09 

~3)Trunk 
Link 

JVNCT 
SWITCH "00 : r-------, 

1 _ _ __ °'_ .... J ____ J_UN_C_TOll--'~~----, -o-l-l -T y : 
I ! R ! I 
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MULTICONTACT RELAYS 

Multicontact Relays are used to cut through a large number of leads between 
Frames in Setting up a Call. 

STATIONARY CONTACT SPRING--------, 

SPRING PILE·UP---- ---.. 

COVER~ 

/ I 

................ 
·~ .......... ,. - ~ .. . 
· • · .....•.. ·-

Old New 
Originating Register Frames 
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'------ -- ARMATURE 

~263 Type 
MultiContact Relay 

286 Type7 

'/;' 

Gun Wrap Terminals 

Dry Reed Relays 

U- Type Relays 
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GENERAL PURPOSE RELAYS 

General Purpose Relays are used in Senders, Registers, Marker, Trunks and 
Control Circuits 

WINDING 

SPOOLHEAO 

ARMATURE 

HINGE BRACKET 

U TYPE RELAY _ Used CONTACT SPRING\ 

in Counting, Register, \ 
Steering, etc., ARMATURE 
Circuits. ________ _.,..._ 

CORE 

~----WIRE SPRING RELAY - Replaces U Type in many 
applications. 

DRY REED RELAY - Used in Digit Storage 
(Register) Circuits.---------

Co11-
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THE CROSSBAR SflITCHIKG SYSTOO 

l) No. l Crossbar - A Common Control Switching System replacing Panel Dial 
in Large Cities. 

2) No. 4 Crossbar - A Common Control Toll or Long Distance Switching System. 
CA~A Equipment may be provided for No. 4A to record data for billing Calls. 

3) No. 5 Crossbar - A versatile Common Control Switching System for Areas 
on the Outskirts of Large Metropolitan Centers, and for use in Medium to 
Large Offices, with Tandem and Toll Features, as well as facilities for 
Local Traffic. 

4) Crossbar Tandem - A Common Control Switching System for Traffic Between 
Local Dial Offices, and a Toll Switching System for Intertoll Traffic, 
where the large capacity and full versatility of No. 4A Toll would not be 
economical. CAI/A on Crossbar Tandem makes possible Subscriber Dialing of 
Calls where AMA is not available in Local Offices. 

CALLING 
TELEPHONE 

METI-ICDS OF C()!.PLETit~ C.ALLS TI-IRa.JGH TI-IE rncsSBAR SYSTEMS 

LINE 
LINK 

FRAME 

-------CONTROLLER 
CIRCUIT 

l 
I L-, 

I 
I 
I 

DISTRICT 
JUN CT OR 

FRAME 

I 
I 
I 
I 
I 

I 
: SUBSCRIBER 

CONTROLLER I SENOEA 
CIRCUIT l LINK 

: FRAME 

ORIGINATING 
SENDER 
FRAME 

No. l Crossbar System 

QDD~-------l~ 
TELEPHONE 

1

DD 
._________.____ D D 
oOo 

.filL..l 
CALLING SUBSCRIBER REMOVES HANDSET 

ON THE REMOVAL OF THE HAr.OSET BY 'H[ CAWNG SUBSCRllJER. THE LINE LINK FRAME CONTROLLER CIRCUIT FUNCTIONS TO LOCATE THE Ct.LL· 

ING LINE ANO ;N CONJUNCTION WITH THE SUBSCRIBER SENDER LINK CONTROLLER CIRCUIT SELECTS AN IDLE DISTRICT JUNCTOR THE SUBSCRIBER 

SENDER LINK CONTROLLER CIRCUIT ALSO SELECTS AN IDLE ORIGINATING SENDER , TtlE TWO CONTROLLER CIRCUITS EXTEND THE CALLING LINE 
TO T>iE SENDER BY SETTING UP IDLE PATHS THROUGH THE LINE LINK ANO SUBSCRIBER SENDER LINK FR.<\ME ANO THEN RESTORE TO NORMAL , 

THE SENDER RETURNS OIAL TONE TO THE CALLING LINE AS AN INDICATION THAT DIALING CAN BE STARTEO 

CALLING 
TELEPHONE 
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LINE 
LINK 

FRAME 
DISTRICT 
JU NC TOR 

FRAME 

: SUBSCRIBER 
I SENDER 
I LINK 
I FRAME 

I 
I 
I 

i 
ORIGINATING 

SENDER 
FRAME 

DISTRICT 
LINK 

FRAME 

CONNECTOR 
CIRCUIT 

OFFICE 
LINK 
FRAME ---.. ·---CONNECTOR 

CIRCUIT 

RlGIN TING 
MARKER 
FRAME 

~ 

TIMM 

11 l _____ __l ~ 
L=J t j CALLEO 

TELEPHONE 

,oo 
.____.___. D D 
oOo 

CALLING SUBSCRIBER DIALS THE OFFICE CODE-"OA~" FOR OAKLAND~ 

WHEN THE DIAL PULSES FOR THE OFFICE COO€ ARE RfSISTEREO IN THE SENDER, THE SENDER WILL CALL ON AN ORIGINATING MARKER CON­
NECTOR TO PROVIDE AN IDLE ORIGINATING MARKER THE SENDER THEN PASSES INl'ORMATION TO THE ORIGINATING MARKER AS TO THE OFFICE CODE 

DIALED, CLASS OF SERVICE OF THE CALLING LINE, ETC. THE ORIGINATING MARKER PROCEEDS TO SELECT AN IDLE TRUNK ANO THEN SETS VP IDLE 
PATWS THROUGH ANO BETWEEN THE DISTRICT LINK ANO OFFICE LINK FRAMES TO CONNECT THE TRUNK TO THE DISTRICT JUNCTOR THE CONNECTIONS 

BET"EEN THE ORIGINATING MARKER ANO THESE FRAMES ARE THROUGH OIS TRICT LINK AHO OFFICE LINK CONNECTOR CIRCUITS THE CONNECTOR CIR· 
CUITS, ORIGINATlNG MARKER, ANO ORIGINATING MAllKER CONNECTUR THEN RELEI SE 

TCI Library  www.telephonecollectors.info 



CALLI NG 
TELEPHONE 

LINE 
LINK 

FRAME 
DISTRICT 
JUNCTOR 

FRAME 

I 
I 
I 
I 
I 
I 
I 

: SUBSCRIBER 
I SENDER 
I LINK 
I FRAME 

DISTRICT 
LINK 

FRAME 

OFF ICE 
LINK 

FRAME 

ORIGINATING D D SENDER 
FRAME 

SK. 3 

INCOMING 
TRUNK 
FRAME 

TERM IN AT I NG : 
SENDER !CONTROLLER 

LINK I CIRCUIT 

Lj~ -------
CALLED 

""'""' 

DD 
FRAME : 

TERMINATING 
SENDER 
FRAME 

DD 
Do 

CALLING SUBSCRIBER DIALS THE NUMERICAL CODE-1234 

WHEN THE THOUSANDS AND HUNDREDS DIGITS OF THE NUMERICAL CODE HAVE BEEN REGISTERED IN THE ORIGINATING SENDER THE SELECT­
ED TRUNK IS CLOSED THROUGH THE INCOMING TRUNK TO THE TEilMINATING SENDER LINK FRAME. THE ASSOCIATED CONTROLLER CIRCUIT SELECTS 
AN IDLE TERMINATING SENDER AND AN IDLE PA'!'H THROUGH THE TERMINATING SENDER LINK FRAME, CONNECTING THE TERMINATING SENDER 

TO THE SELECTED TRUNK AND THEN THE CONTROLLER CIRCUIT RELEASES. THE THOUSANDS AND HUNDREDS DIGITS AS REGISTERED IN THE 
ORIGINATING SENDER ARE NOW TRANSFERRED AND REGISTERED IN THE TERMINATING SENDER. THE TENS AND UNITS DIGITS WHEN DIALED ARE 
ALSO TRANSFERRED TO THE TERMINATING SENDER. THE ORIGINATING SENDER AND SUBSCRIBER SENDER LINK NOW RELEASE FROM THE CALL. 

CALLING 
TELEPHONE 

LINE 
LINK 

FRAME 
DISTRICT 
JUNCTOR 

FRAME 

DISTRICT 
LINK 

FRAME 

OFFICE 
LINK 
FRAME 

~ 

INCOMING 
TRUNK 
FRAME 

TERMINATING I 
SENDER I 

LINK I 
FRAME ! 

I 
I 
I 
I 
I 
I 
I 

TERMINATING 
SENDER 
FRAME 

TESTING THE CALLED SUBSCRIBER LINE 

LINE 
LINK 

FRAME ) 
I 

._ ___ __.: TECL\LP'HEJ>NE 

D 
L.----., 

BLOCK 
RELAY 
FRAME 

I 
! 

D NUMBER 
GROUP 

rll CONNECTOR 
FRAME 

1L...--..;;......1 

r--------.J 

TERMINATING 
MARKER 
FRAME 

AS SOON AS THE NUMERICAL ·CODE HAS BEEN TRANSFERRED AND REGISTERED IN Tll£ TERMINATING SENDER , THE SENDER CAL\.S ON A 

TERMINATING MARKER CONNECTOR TO PROVIDE AN IDLE TERMINATING MARKER. THE TERMINATING SENDER THEN PASSES THE NUMERICAL CODE IN-
FORMATION TO THE TERMINATING MARKER. THE TERMINATING MARKER SELECTS AND CONNECTS TO THE SLEEVE LEAD OF THE CALLED LINE, 
LOCATED ON A LINE LINK FRAME , THROUGH A NUMBER GROUP CONNECTOR AND BLOCK RELAY FRAME • A TEST IS NOW MADE BY THE TERMIN­
ATING MARKER FOR A BUSY OR IDLE CONDITION ON Tl£ LINE • IF THE CALLED LINE IS BUSY THE INCOMING TRUNK IS SET B'!' THE TERMINATING MAR­
KER TO SEND BUSY TONE TO THE CALLING SUBSCRIBER ANO THE TERMINATING SENDER, TERMINATING MARKER CONNECTOR, TERMINATING MARKER, NUMBER GROUP 

CONNECTOR AND BLOCK RELAY CIRCUITS RESTORE TO NORMAL IMMEDIATELY. L.ET IT HOWE\!l;;R BE ASSUMED THAT THE CALLED ur, .. IS IDLE. 
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CALLING 
TELEPHONE 

LINE 
LINK 

FRAME 
DISTRICT 
JUNCTOR 

FRAME 

DI STRICT 
LINK 

FRAME 

OFFICE 
LINK 
FRAME 

~ 

INCOMING 
TRUNK 
FRAME 

I 
I 
I 
I 
I 
I 
I 

TERMINATING I 
SENDER I 

LINK I 
FRAME J 

I 
I 
I 
I 
I 
I 

TERMINATING 
SENDER 
FRAME 

INCOMING 
LINK 

FRAME 

LINE 
LINK 

FRAME 1 
CONNECTOR 

CIRCUIT 
CONTROLLER : CALLEO 

__ c_i_R,_c .. u ... iT._,. I TELEPHONE 

L-----i 

LINE 
JUNCTOR 

CONNECTOR 
FRAME 

I 

i 
LINE 

c8~~~gfOR r 

1 
FRAME : 

I I 1r ________ _1 

TERM NATI NG 
MARKER 
FRAME 

BLOCK 
RELAY 
FRAME 

NUMBER 
GROUP 

CONNECTOR 
FRAME 

CONNECTING INCOMING TRUNK TO CALLED LINE 

THE TERMINATING MARKER ON FINDING THE LINE IDLE SETS UP IDLE PATHS THROUGH AND BETWEEN THE INCOMING LINK AND LINE LINK 
FRAMES, CONNECTING THE INCOMING TRUNK TO THE CALLED LINE. THE TERMINATING MARKER ACCOMPLISHES THIS WITH THE AID OF THE IN-
COMING LINK CONNECTOR CIRCUIT, LINE CHOICE CONNECTOR, LINE JUNCTOR CONNECTOR AND LINE LINK CONTROLLER CIRCUIT. THE INCOMING TRUNK 
PROCEEDS TO RING THE CALLED SUBSCRIBER BELL. THE TERMINATING SENDER LINK, TERMINATING SENDER, TERMINATING MARKER CONNECTOR, 
TERMINATING MARKER, NUMBER GROUP CONNECTOR, BLOCK RELAY, LINE CHOICE CONNECTOR, LINE JUNCTOR CONNECTOR, LINE LINK CONTROLLER, AND 

INCOMING LINK CONNECTOR CIRCUITS RESTORE TO NORMAL 

CALL I NG 
TELEPHONE 

LINE 
LINK 

FRAME 
DI STRICT 
JUNCTOR 

FRAME 

DISTRICT 
LINK 

FRAME 

OFFICE 
LINK 

FRAME 
INCOMING 

TRUNK 
FRAME 

INCOMING 
LINK 

FRAME 

LINE 
LINK 

FRAME 

CALLED 
TELEPHONE 

1

DD 
.._____._______. D D 
oOo 

SK. 6 
SUBSCRIBER TALKING PATH 

WHEN THE CALLED S~BSCRIBER ANSWERS, THE TALKING PATH IS COMPLETED BETWEEN THE CALLING AND CALLED LINES. TALKING BAT-
TERY IS FURNISHED TO THE CALLING LINE BY THE DISTRICT JUNCTOR AND TO THE CALLED LINE BY THE INCOMING TRUNK. 
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CALLING 
TELEPHONE 
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11 
11 
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I 
I 
I 
I 
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INCOMING LINE 
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FRAME FRAME ) coliiicroii -------
CONTROLLER I 

CIRCUIT 1 CIR UIT I CALLEO 
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I ' L----; 
I ' l 
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FRAME 
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I 
I 
I 
I 
I 
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ORIGINATING 
MARKER 

FRAME 

SK. 7 

SINOER 
LINK 

FRAME 

TERMINATING 
SENOER 
FRAME 

I CIRCUIT 
! 

I 
I ! 
I 
I LINE 
I CHOICE r tr CONNECTOR I 11 FRAME I I I I : : .----------' 

TERMINATING 
MARKER 
FRAME 

NUMBER 
GROUP 

CONNECTOR 
FRAME 

SEQUENCE OF FRAMES INVOLVED IN COMPLETING A CALL BETWEEN Two SUBSCRIBERS 

CALLING 
TELEPHONE 

No. l Crossbar System 

-- -- -- -- --
Calls to Switchboards, Desks and Special Equipment Used 

In No. l crossbar Of fices 

LINE 
LlNK 

FRAME 
CONTROLL-ER 

CIRCUIT 

DISTRICT 
JUNCTOR 

FRAME 

I SUBSCRIBER 
CONTROLLER I SENDER 

CIRCUIT I LINK 
FRAME 

ORIGINATING 
SENDER 
FRAME 

DISTRICT OFFICE 
LINK LINK 

FRAME FRAME 

- CO-NNECTOR CONNECTOR 
...._~Cl~R~CU=l~T__,1; Cl T 

1 • 
11 
11 
I' 
11 

' I 
I 

I I , , 
I I , , , , , , 
11 
11 
I 

ORIGINATING 
MARKER 
FRAME 

SK. S -
TOLL 
BOARD 

211 

711 

411 

BUSINESS 
OFFICE P8X. 

611 

OSA 
80ARO 

0 

LOCAL TEST REPAIR SERVICE 
DESK DESK 

511 611 

SEQUENCE OF FRAMES INVOLVED IN COMPLETING CALLS TO SWITCHBOARDS, DESKS a SPECIAL EQUIPMENT 

SKETCH NO. 8 SHOWS THE CROSSBAR FRAMES REQUIRED TO ENABLE THE CALLING SUBSCRIBER TO GAIN ACCESS TO THE DIAL SYSTEM "A" BOARD, 
TOLL BOARD, INFORMATION DESK, REPAIR SERVICE DESK, AND BUSINESS OFFICE PBX, AND TO 31VE A TELEPHONE REPAlq MAN ACCESS TO THE TEST DESK 
AND RINGER AND DI AL TEST! NG EQUIPMENT. CALLS TO TH~SE PO I NTS ARE MADE 8Y 0 I AL I NG THE NUMBERS AS SHOWN BELOW: 

lli PROVIDES A CONNECTION TO THE TOLL OPERATORS AT 'fHE TOLL BOARD, WHO WILL COMPLETE ANY CALL THAT MUST BE HANDLED ON A TOLL CHARGE 
BASIS. 

ill PROl/IDES CONNECTION TO THE OPERATC~S AT THE INFORMATION DESK WHO WILL FURNISH INFORMATION ON CHANGED SUBSCRIBER NUMBERS OR NEW 
NUMBERS NOT LISTED IN THE DI RECTORY. 

lli PROVIDES A CONNECTION WHEREBY A REPAIR MAN CAN CONNECT TO A TEST MAN AT A LOCAL TEST DESK WHEN REPAIRING TROUSLE ON THE LINE. 
ill PROVIDES CONNECTION TO THE REPAIR CLCRK AT THE REPAIR SERVlCE DESK TO WHOM THE SUBSCRIBER MAY REPORT A TELEPHONE OUT OF ORDER 

OR MAKE ANY SERVICE COMPLAl~TS. 

ill PROVIDES A CONNECTION WHEREBY A REPAIR MAN AT A SUBSCRIBER STATION CAN OBTAIN ACCESS TO DIAL AND RINGER TESTING EQUIPMENT. 
fill PROVIDES A CONNECTION TO THE BUSINESS OFFICE PBX FOR SERVICE INFORMATION OR COMPLAINTS. 

J). PROVIDES A CONNECTION TO THE DSA OPERATOR AT THE DIAL SYSTEM "A" SWITCHBOARD WHO Will HANDLE SHORT HAUL {AB), TOLL CALLS, 
EMERGENCY CALLS TO DOCTORS, HOSPITALS, POLI CE OR 'FI RC: STATIONS, AND CALLS ON WHICH ASS I STANCE IS NECESSARY QUE TO A SUBSCRIBERS 
INA31LITY TO DIAL. 
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FROM SWBD 
OR OTHER 

TOLL OFFICE 

INCOMING 

TRUNK \12) 
Cl Cl 

~ ~ 
II) II) (12) s+ ts 
IL 0.. 

~ 5 
0 

SENDER (1) 
LINK FR. 

SENDER 
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I 
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SENDER LINK 
CONNECTOR 

LINK CONTROLLER (2) 
AND CONNEC_TOc:_R_F_R..1.. --­

CONTROLLER 
CONNECTOR 

LINK 
CONTROLLER 

NO. 4A TOLL SWITCHI?'ll SYSTEM 

Completion of a Call Through a CCJdBINED TRAIN Office 
(3-Digit Translation) 

INCOMING FRAME OUTGOING FRAME 

PRI 
I 

I 
I 

SEC PRI I SEC 

'-t----------------------------~t-1 :1 i' 
~ TRANSMISSION PATH _J, Lf---! 

1------'----t (1 o) ( 12 )--+-
INCOM 1 NG FR. 
CONNECTOR 

OUTGOING FR. 

(12 --(3) 

INCOMING 

SENDER 
(4) 

(9) 
~(11)-· 

DECODER 
CONNECTOR 

DECO'oER 

I 

(7) 

(7) 

L - I MARKE:R I 
~ CONNECTOR-,--1 

(6) 

HOME 

TRANSLATOR 

DECODER 

roREIGN 

TRANSLATOR 

TRANSLATOR 
CONNECTOR 

CONNECTOR 

J (9) 

COMBINED 
MARKER 

Note: Numbers in parentheses refer to 
connections required in Switching a 
Call through a No. 4A Combined Train 
Office; see following pages for 
explanation. 

FOREIGN 
AREA 

TRANSLATOR 

(8) 

(12) ___,.. 

TRUNK 

BLOCK 

CONNECTOR 

TO TOLL OR 
LOCAL OFFICE 

(
DEPENDING ON ) 

TYPE OF TRUNK 

(12) 

OUTGOING 

TRUNK 
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Eguipment Arrangements for the No. 4A Toll Switching System 

1) CC1'1BINED TRAIN Office - A single Switching Train is provided for Small 
Of fices, handling both Intertoll and Toll 
Completing Traffic: 

2) 

Maximtun: 40 Incoming Lint or Outgoing Link 
Frames 

10 Markers 
10 Decoders. 

SEPARATE TRAIN-COMBINED OPERATION Office - Two Switching Trains are 
provided for LargeOffices; each Train handling 
both Intertoll and Toll Completing Traffic: 

Maximum: 40 Incoming Link or Outgoing Link 
Frames per Train 

10 Markers per Train 
18 Common Decoders. 

Completion of a Call Through a COMBINED TRAIN Office 
No. 4A Toll Switching S}stem 

(3-Digit Translation 

1) When the Incoming Trunk is seized by an Outward Operator, or a Distant 
Automatic Toll Office, it signals a Sender Link to connect an Idle In­
coming Sender for Registerihg the Incoming Pulses ("Inpulsing"). 

2) The Sender Link Controller signals a Controller Connector to seize an 
Idle Link Controller. 

3) The Link Controller tests for, and seizes, an Idle Incoming Sender, 
closing Crosspoints on the Sender Link Frame to connect the Incoming 
Sender to the Incoming Trunk. 

Then the Sender Link Controller and the Controller Connector 
release. 

4) The Incoming Sender signals the Outward Operator, or the Outgoing Sender, 
in the Distant Office to begin Outpulsing. 

When the Incoming Sender has registered three (3) digits, it signals 
a Decoder Connector to seize an Idle Decoder. 

5) The Decoder immediately connects to its Home Translator. The Foreign 
Area Translator is used on Calls requiring 6-Digit Translation - Area 
Code + Local Office Code. 

The Incoming Sender transmits the three digits through the Decoder 
to the ~ Translator, causing a Punched Metal Card corresponding to 
the 3-Digit Area Code to be dropped. 

A light-sensitive photo-transistor system associated with the Metal 
Card coded by means of perforations, furnishes to the Decoder information 
on Trunk Selection, Alternate Routing, Code Conversion, Variable Spilling 
of Digits, etc. 

6) The Decoder nreads" the Dropped Card and signals a Marker Connector to 
seize an Idle Marker. 
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7) Upon Marker seizure, the Marker Connector signals the Decoder Connector 
to connect the Incoming Sender to the Selected Marker. 

The Incoming Trunk registers its Incoming Frame Appearance in the 
Marker via the Sender Link, Incoming Sender and Decoder Connector. 

8) The Marker obtains the locations of the required Outgoing Trunks from 
the Decoder and the Dropped Card; see Connection "5 )". 

The Marker selects an Idle Outgoing Trunk through a Trunk Block 
Connector. 

The Selected Trunk registers its Outgoing Frame Appearance in the 
Marker. 

The Decoder and the Dropped Card inform the Marker: 
a) The Type of Outpulsing required, 
b) If digits should be outpulsed ("spilled forward"} to the 

next office as received, 
c) If digits should be deleted, 
d) If digits should be substituted - Code Conversion, or 
e) If digits should be prefixed. 

Then the Marker signals the Decoder to release. 

9) The Marker now sets up the Transmission (Talking) Path from the Incoming 
~ !g the Selected Outgoing Trunk. 

The Marker gains access to the Incoming Links through the Incoming 
Frame Connector, and to the Outgoing Links and Junctors through the Out­
going Frame Connector. 

10) The Marker tests the: 1) Incoming Links, 
2) Outgoing Links, and 
3) Junctors, to find an Idle Channel. 

Then the Marker closes through that Idle Channel from the Incoming 
Trunk to the Outgoing Trunk. 

11) The Marker passes the Outpulsing information to the Sender, then releases. 

12) The Sender Outpulses (Multifrequency fMF1 or Dial Pulse tDP1) the digits 
through the Sender Link, over the Transmission Path, to the Q.itgoing Trunk, 
and through to the next off ice. Then the Incoming Sender and Sender Link 
release. 

Calls outgoing to offices requiring Panel Call Indicator (PCI) 
Pulsing or Revertive Pulsing (RP) make use of: 

a) An Incoming Sender to register the Called Number as "Inpulsed," 
b) And an Outgoing Sender to "Outpulse" the Called Number. 

The Incoming Sender pulses into the Selected Outgoing Sender through 
the Incoming and Outgoing Frames, the Outgoing Trunk, and the CA.ttgoing 
Sender Link. 

13) Crosspoints in the Transmission Path release when a Disconnect Signal is 
received. 
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NO. 5 CROSSBAR SYSTEM 

THE INTRAOFFICE CALL 

A Call between two Subscribers in the same Office, served by the same 
Marker Group, but not on the same Subscriber Line, is an Intraoffice 
~· The follo'Wing sketches show the frames involved and the 
functional steps required subsequent to the Dial Tone Job and regis­
tration of the dialed digits. 

Sketch Page 

1 The Originating Register Seizes an Idle Completing Marker 12 

2 The Completing Marker Checks all Idle Trunk Link Frames 
for Idle Intraoffice Trunks 13 

3 The Completing Marker Seizes the Trunk Link Frame and 
an Idle Intraoffice Trunk 14 

4 The Completing Marker Seizes the Called Line Number Group 
Frame 15 

5 The Completing Marker Seizes the Called Line Link Frame 16 

6 The Completing Marker Closes Through a Terminating Channel 17 

7 The Completing Marker Seizes the Calling Line Link Frame 18 

8 The Completing Marker Closes Through an Originating 19 
Channel 

9 Ringing Current is Applied to the Called Subscriber Line 20 

10 The Called Subscriber Answers 21 

11 The Calling and Called Subscribers Replace Their Handsets 22 

12 Frames Involved in Completing a Call Between Two Sub-
scribers in the Same No. 5 Crossbar Dial Central Office 23 

~: Numbers in parentheses, 11 (1), (2), (3)," etc., indicate the con­
nection made in that particular sketch. 
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~ 
Called 
Subset 

D 

Trunk 
Link 

Frame 

Orig. 
Reg. 
Line 

Memory 

Dialing Channel 
a) Line Link 
b) Junctor 
c) Trunk Link D 

D 

oDD 
Orig. 
-Reg. 

Frame DD 
(l)_ ____ q~ 

I 

ODD 
Orig. 
Reg. 

Marker 
Conn. ODD 
(1 

Completing Marker D 
SKETCH 1 

The Originating Register Seizes an Idle Completing Marker 

The Calling Subscriber receives Dial Tone from the Originating Register and 
proceeds to Dial the digits of the Called Telephone Number. The Originating 
Register stores the digits in the order dialed 0 Upon completion of Subscriber 
Dialing, the Originating Regis1fer and associated Originating Register Line 
Memory Frames connect to an idle Completing Marker through the Originatiag 
Register Marker Connector Frame. Calling Line location and Class of Service 
information, as well as the number of the Line Link used in the Dialing Channel, 
together with the Called Telephone Number are transferred to the Completing 
Marker. 
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(.;alling 
Subset 

Called 
Subset 

D Dialing Channel 

Trunk 
Link 
Fram 

I 
I Orig. 
I Reg. 

(2)1 Line 
1 Memory 

Intra­
Of f ice 
Trunk 

Orie 
Reg. 

Frame 

L ___ 
1

1 

L -- - - -. 1 1 
I I 

D 
D 

DD 
DD 

DD. o: ~~~:· 
I Marker 
I ...__c...,o,_nn__.. ....... 
L_ i 

ODD 
I 

' I 
Completing Marker D 

SKETCH 2 

The ComRleting Marker Checks all Idle Trunk Link Frames for Idle Intraoffice 
Trunks 

The Completing Marker, recognizing the Dialed Office Code as being associated 
with its own group of Line Link Frames, checks all Idle Trunk Ll.n.k Frames for 
Idle Intraoffice Trunks. An Idle Trunk Link Frame with Idle Intraoffice Trunks 
is selected. 
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Calling 
Subset 

Called 
Subset 

D 
Call­

ing -1>ialing Channel D _ !-ill:'"'ii-1=' ::::::-:.t:~?.:-:2 -~ 
Link 

Frame 

Trunk 
Link 

Frame 
~3) 

Intra­
.... Office 

.Trunk 

Al ,, __ 
I I Orig. 
11 Reg. 

(3~ I Line 
11 Memory 

I 
Orig. 
Reg. 

Frame 
I I I : 

11 L----, 

D 

DD 
DD 

DD 
'-=- ---, I ----

Trunk 
Link 

1 
I Orig. 
I Reg. 

Conn. 1 Marker 
Frame Co I nn. L---, I 

ODD 
I I I 

--------------.(3)' ~ ........ ·--'--------------i 
___________ ! L _ -1 ___ eo_m_p_1e_t_i_ng_Mar __ k_er_ ... D 

SKETCH 3 

The Completing Marker Seiz-es the Trunk Link Frame am an Idle Intraoffice Trunk 

The Completing Marker seizes the selected Trunk Link Frame and connects to it 
through the Trunk Link Connector Frame. The Completing Marker then selects an 
Idle Intraoffice Trunk. 
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Calling 
Subset 

Galled 
Subset 

D 
Dialing Channel D 

ame 

Trunk 
Link 

ame 

I I 
I I 
I I 
I : 

Orig. 
Reg. 

Line 
l I 
I I 

Memory 

Intra­
Office 

Trunk 

Orig. 
Reg. 

I L--::.1-i I 

t .__j l I 
I 

I I I 

D 

DD 
D D 

DD 
I 

Trunk I Orig. 

D Dr, Link I Reg. 
Conn. I Marker 

Frame I Conn. 
I 

I I 
L. __ 

I I I 

' (4)1 I I 

I L __ l Completing Marker ~-----J 

SKETCH 4 

The Completing Marker Seizes the Called Line Number Group Frame 

Number 
Group 
Conn. 

Frame 
I 

(4) 

Number 
Group 
Frame 

While selecting an Idle Intraoffice Trunk, the Completing Marker, through the 
Number Group Connector Frame, seizes the Number Group Frame upon which the 
Called Line IDcation information appears. The Number Group Frame furnishes the 
following information to the Completing Marker: 1) The Line Link Frame number, 
2) Called Subscriber IJ.ne location on that Frame, and .'.3) the Ringing Current 
to be applied. The Completing Marker releases the Number Group and Number Group 
Connector Frame. 
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D 
Call­

f:!!=---1- -ini; 
Calling 
Subset 

Called 
Subset 

Line 
Link 
Frame 

Callsd 
Line 
Link 
Frame 

I 

I 
I 

:cs> 
I 

Dialing Channel 

Trunk 
Link 
Frame 

11 __ _ 

I l Orig. 

1
1 Reg. 
I Line 

I 1 Memoey 
11 . 

nging 
Sel.Sw. 

Intra.­
Office 
Trunk 

Orig. 
Reg. 
Frame 

1
1 I I 
I '-----1 I 

1-- - - -1 t I 

D 
D 

DD 
DD 

D 
Line 

1 Link 
Conn. 
Frame 

Trunk Orig. 
Link Reg. 
Conn. Marker 
Frame Conn. 
I I 

DOD 
I -( ) 

1
- - - , I 

-- §;---..,I I ! 

-'-----~I L ~_, ... --C-om ... p_l_e-ti_ng __ Mar_k_e_r_-tl D 
SKETCH S 

The Completing Marker Seizes the Called I4ne JAWs Frame 

The Completing Marker seizes the Line Link Frame on which the Called Subscriber 
Line appears, through the Line Link Connector Frame. 
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D 
Call-

ing .Dialing Channel D 
'=.::==::i---~---1 IJ.ne '" -Ll.D.k 1-..c::.-1 

Calling 
Subset 

ame 

Trunk 
Link 

Frame f{i;Selsw) 
I 

D 

--

Intra-DD Off ice 
Trunk 

Called' 1 

DD Orig. 
Reg. 

Frame 

Subset 1 
I Orig. 

(6)Terminatiilfl Channel Reg 0 

a- Line * Line 
b. Junctor, 1 Memory 
c Trunk Irl.nk I I - - -

I L L - - - -, -, I 
I - -, I I : 
I t f I 

D ODD 

Line Trunk 1 Orig. 
Link Link I Reg• 
Conn.. Conn. 1 Marker 

Frame Frame : Conn. 

: I L-, : 

L- - -- -J-1 L_-_-1 ' ._ l Completing Marker ____________________ __. D 
SKETCH 6 

The Completing Marker Closes Through a Terminating Channel 

Following seizure of the Called Line Link Frame in Sketch 5, the Completing 
Marker checks the Called Subscriber Line for a busy condition. If the 
Called Subscriber Line is Idle, the Completing Marker·proceeds to select 
and close through an Idle Channel from the Intraoffice Trunk to the Called 
Subscriber Line. At the same time, the Completing Marker connects the 
Intraoffice Trunk to the Ringing Selection Switch through the Trunk Link 
Connector Frame. If the Called Subscriber Line checks busy, the Completing 
Marker releases the Intraoffice Trunk and selects an Idle Tone Trunk, which 
it links to the Calling Subs9riber Line to furnish Busy Tone. 
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Calling 
Subset 

D 
Link 
Frame 

I 
~--1 

I 

Cal.ltd :(7) 
I 
I 
I 

Dialing Channel 

nging 
el. Sw. 

Intra­
Office 
Trunk 

D 
D 

===~-l::.:.;;:=J--1 - ------ -----. 
DD 

Called 
Subset 

D 

, , 

D D I I Orig. 
I I Reg. Orig. 
I I Line Reg. 
I I Memo a.me 
I I 
I ! '- - --- -t I 

' 
I ------1 t 1 

I I ! ! 
Line Trunk I Orig. 

D D Link Link I Reg. 
Conn. Conn. I Marker 
Frame Frame I Conn. 

t_ i.7.l_, I I I 

I I I 
I I 

: l-~ Completing Marker 
._ ___ 

SKETCH 7 

The Completing Marker Seiaes the Calling Line Link Frame 

D 
D 

The Completing Marker, having established a Channel from the Intraoffice Trunk 
to the Called Subscriber Line, now seizes the Calling Line Link Frame through 
the Line Link Connector Frame and prepares to close through a Channel from the 
Calling Subscriber Line to the Intraoffice Trunk. 
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Calling 
Subset 

Called 
Subset 

D 
r&ille 

Trunk 

• 
Link 

t-- i Frame 

I 
I 

ame I 

I I 
I 

lD I 
I 
I 
I L-. 
I I 

Originating D 
Channel 

a) tine Link 
b) Junctor 

--c) ...... LJ 
Intra­

Off'ice 

D 
r I 

Line Trunk 
Link Link 
Conn. Conn. 

Frame Frame DODD ., ' 
I I 
------, I 

,_---------~! ILL·1·----------~~ . -i_ Completing Marker D SKETCH 8 

The Qompleti~ :Marker Closes Through an Originating Channel 

Following seizure of the Calling Line Link Frame through the Line Link 
Connector ~rame 1 the Completing Marker tests and selects an Originating 
Channel (Line Link, Junctor and Trunk Link) from the Calling Subscriber Line 
to the Intraoffice Trunk. The Dialing Channel, Originating Register and 
Originating Register Line Memory Frames release, and the Completing Marker 
closes through the Originating Channel. Then the Completing Marker and 
associated Connectors release. 
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Calling 
Subset 

Called 
Subset 

D 
Frame 

Trunk 
Link 

Frame 

Originating Channel D 
D 

SelSw 9) 

DODD 
DDDDDDD 

D 
SKETCH 9 

Ringing Current is Applied to the Called Subscriber IJ.ne 

Ringing Current is applied to the Called Subscriber IJ.ne through the Intraoffice 
Trunk, over the Terminating Channel, from the Ringing Selection Switch. 
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D Originating Channel 

D 
Calling 

D Subset 

ame 

D D 
Call-

ed Intra-
Line Office 
Link Trunk 

ODD 
Terminating Channel 

DDDDDDD 
D 

SKETCH 10 

The Called Subscriber Answers 

Ringing Current is tripped (cut off) by removal of the Called Subscriber Hand­
set, and the connection from the Intraoffice Trunk to the Ringing Selection 
Switch released. Talking Battery and Ground are furnished to the Calling and 
Called Subsets by the Intraoffice Trunk. 
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Calling 
Subset 

Called 
Subset 

D 
..... D 

ame 

Trunk D 
Link 

Frame 

Intra-
Off ice 

""'",,,.,tr DD 
DODD 

DDDDDDD 
l D 

SKETCH 11 

The Calling and Called Subscribers Replace Their Handsets 

The release of all Channel Crosspoints results when the Talking Battery Path 
to the Calling and Called Subsets is broken by replacement of the Handsets. 
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Calling 
Subset 

D 
Call-

ing 
Line g 

·nrue 
Frame 

I ·---.. , 
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D 
(3 D 

Call­
ed 

Line 
Link 

ame 

I 
1(7) 
I 
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' 

wn; se1swl 1 : (90 
Intra.-

Off ice 
Trunk D 

.+-(9}- ---"'1(9) ............ _. (9) 
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<s>i DD 
Called I j 1 ---Subset I I I i I I t Or g. 

I t 1 Reg. Orig. 
I (.3 )I 1 MLine Reg. 

1 1 emo ame 
I t' 4..----:1 . 
I L':::- - :l (l~ X1> 

~ 
Marker 

Conn. 

I ' (2A I I _....__...,. • I . 

Line 
Link 
Conn. 

Frame 

Trunk I Orig. 
Link Reg. 
Conn. Marker 

Frame Conn. 

Group DD Number 

r ............... Fr~,_.._.e. 
I 

.uiJ 
I ' 

Clll :<3) 1--i : (1) ------.1 L·:. -_-:j __ · ______ t---Jk4> Dial Tone Completing Marker 
Marker 

I ,... --

SKETCH 12 

Frames Involved in Completing a Call Between Two Subscribers 
In the Same No, 5 Crossbar Dial Central Office 

The Talking Path is shown in heavy black lines. 

1(4) 

Number 
Group 
Frame 

Broken Lines indicate temporary connections required between various frames in 
setting up the Call. 
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CROSSB@ TANDEM 

Completion of a Call Requiring 3-Digit Translation 

The Crossbar Tandem Switching System handles traffic between Local Dial Offices 
in the same Metropolitan Area, as well as Intertoll Traffic. 

INCOMING - TRUNK 

(I) 

~ 

TRUNK LINK 
FRAME 

1run1< 
Lint1 I 

TRANSMISSION 
PATH 

OFFICE LINK 
FRAME 

Office 
Link

1 I I (9) I 
rl_ (9) Junctor I (9) 

CONNECTOR CONNECTOR 

(7) 

(6} 

SENDER LINK 
FRAME 

- - (4) (IS) 
SENDER MARKER r--t r 

(3) (2) 

_J - -
MARKER 

CONTROLLER CONNECTOR 

OUTGOING -TRUNK 

{5A) FOREIGN 
JJ AREA ,, 

TRANSLATOR 

l) When the Incoming Trunk is seized at the Originating End, it signals 
a Sender Link Controller to select an Idle Sender for registering the 
Incoming Pulses ( n Inpulsing"). 

2) The Sender Link Controller tests for and selects an Idle Sender. 

3) The Sender Link Controller operates Crossbar Switches on the Sender Link 
Frame to connect the Sender to the Incoming Trunk. 

Then the Sender Link Controller releases. 
The Number of the Trunk Link Frame on which the Incoming Trunk 

appears is stored in the Sender. 

4) The Sender signals the Originating Operator or Sender in the preceding 
office to start Outpulsing. 

When three digits have been registered, the Sender signals the 
Marker Connector to select an Idle Marker. 

5) The Marker Connector seizes an Idle Marker. 
The Sender "spills" the first three digits into the Marker, along 

with the Number of the Trunk Link Frame on which the Incoming Trunk 
appears - "3)." 

The Marker: 
a) Decodes the information received from the Sender. 
b) Operates a Route Relay from which it determines routing 

information for the Call. 
c) Passes Outpulsing instructions to the Sendero 
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5A) 6-Diqit Translation permits two or more Routes from the Switching Center 
to or towards the Foreign Area. 

When the first three digits are XOX/XlX, the Sender waits for six 
digits before seizing a Marker. 

The Marker decodes the first three digits (Area Code) and operates 
an Area Relay. 

Operation of the Area Relay causes seizure of a Foreiqn Area Trans­
lator. 
~Digits 4, 5 and 6 are transmitted to the Foreign Area Translator. 

The Foreign Area Translator passes one of 60 Route Indications to 
the Marker, then releases. 

The Marker handles the Call as in the case of 3-Digit Translation. 

6) The Marker seizes the Office Link Connector serving the Office Link Frame 
on which the Outgoing Trunks appear, and tests for an Idle Outgoing Trunk. 

The Marker signals the Sender to release the Marker Connector. 
The Marker Connector releases the Marker. 

7) The Marker seizes the Trunk Link Connector serving the Trunk Link Frame 
on which the Incoming Trunk appears. 

8) The Marker directs the Incoming Trunk, thr'ough the Sender, to connect to 
the Trunk Link Connector. 

The Trunk Link Connector cuts through to the Marker test leads for 
the Trunk Links serving the Switch on which the Incoming Trunk appears. 

The llf.arker maintain\3 a path to the Sender through the Trunk Link 
Connector, the Incoming Trunk and the Sender Link. 

The !·.larker informs the Trunk Link Frame to cut through the test 
leads for the Junctors to the Office Link Frame on which the CXltgoing Trunk 
appears. 

9) The Marker tests for and closes through an Idle Channel (Trunk Link, 
Junctor and Office Link) from the Incoming Trunk to the Outgoing Trunk. 

The Marker informs the Sender the Channel has been closed through, 
then the Marker releases. 

10) Upon receipt of a nGo" Signal from the next office, the Sender Outpulses. 
After completion of Outpulsing, the Talking Path is cut through. 
The Sender passes supervision of the Call to the Incoming Trunk. 
Then the Sender and Sender Link Frames release. 

11) When a Disconnect Signal is received from the Calling End, all C~osspoints 
on the Trunk Link and Office Link Frames release, restoring the Equipment 
to normal. 

... - - - - -
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808 
HAWAII 

Some Features of ooo (Direct Distance Dialing). 

1) Numbering Plan Areas and Codes 
2) Switching Plan for DOD 
3) Switching Features: 

a) Alternate Routing 
b) Storing and Spilling Forward Digits as Required 
c) Code Conversion 
d) Prefixing 
e) 6-Digit Translation 

907 \ 
ALASKA\ 

1) t-UMBERING PIAN AREAS AND CODES 

312-WH3-2700 

To make possible DDD, each Telephone has a Distinctive Directory Number - lQ 
or 11 Digits: 

¥--~rr3-
2
1 )) AREA CQ)E - 3 Digits - xox and XlX .. __ s I 

CENTRAL OFFICE CQ)E - 3 Digits - ABX---- ·· __J 
3) NUMERICALS - 4 Digits - 5th Digit - W,J,R, or M, 

Party Letter 

To reach the above Telephone .f!:.Q!!! any point within Area 312, Dial WH3-2700. 
To reach the above Telephone i!:Qm any point outside Area 312, Dial 312-WH3-2700. 
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2 ) SW ITCH Ir-(l PLAN FCR ODD 

The Switching Plan employs Alternate Routing of Toll Calls, using Intertoll 
Trunks at very high efficiency, and minimizing delay of a Call due to ATB 
(All Trunks Busy). 

CSP' s - Control Switching Points - More Important Toll Offices: 
A) Distribute Traffic over High Usage and Final Trunk Groups. 
B) ~of CSP's: 

1) EQ_- Regional Center - Class 1 Office 
2) SC - Sectional Center - Class 2 Office 
3) PC - Primary; Center - Class 3 Office 

~ CLASS NAME ABBREVIATION 

D REGIONAL CENTER RC 

!::,. 2. SECTIONAL CENTER SC 

0 3 PRIMARY CENTER PC 

e 4 TOLL CENTER TC 

• !) END OFFICE EO 

C) CSP Switching Systems: • 
1) No. 4A or *4M Toll Crossbar 
2) Crossbar Tandem 
3) No. 5 Crossbar 
4) Step by Step Dial. 
~ - No. 4 Toll crossbar converted to have full CSP features of 4A. 

D) Each TC {Toll Center) has a ~ Group to a particular HOME CSP - a 
PC, SC or RC. 

E) Each PC 11HOMESu on an SC or RC 
F) Each SC 11HCM:S" on an RC -
G) All RC's interconnecte-;r-with .E.!n!l Trunk Groups - ~one Network 

between any two (2) TC's, 
H) High Usag~ Trunk Groups provided between any two Offices where Traffic 

warrants, regardless of Class - TC, PC, SC or RC. 
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Intertoll Trunk Groups - High Usage G:roups handle only part of the Busy Hour 
Traffic, with the excess Galls overflowing to successive 
Trunk Groups. 

A) Direct Route - First Choice. 
B) Alternate Routes - Second, Third, etc., Choice. 

1) No. 4A - Max. 6 Alternate Routes. 
2) Crossbar Tandem - Max. 3 Alternate Routes. 

C) Final Trunk Groups - Last Choice - Backbone Routes. 
D) A~ is routed (advanced), in a predetermined order, from one CSP 

to the next in the chain, in search of an Idle Trunk. 

HOME CSP'S DISTANT CSP'S 

RC RC 

SC 

Final Route or 
Group---+---::~ 

CALLING 
CUSTOMER 

END 
OFFICE TC 

-------- f!!:.} --Direct Route_.... ---­

CALLED 
CUSTOMER 

-1------4--~~___,..._ __ _..u~~ 

TC END 
OFFICE 

Possible ROUTES from PC (A) to Reach TC (B) 
------

Six (6) Possible Routes from PC (A) to Reach TC (Bl - See Diagram Above. 
Five 

One 

5 Hi h Usa e Trunk Groups~ tested in order "from far to near." 
a Direct Route - PC (AJ to TC (B). ) 

(b) First Alternate Route - PC (A) to Distant PC) (If no Idle Trunk, 
(c) Second Alternate Route - PC (A) to Distant SC) - (Call switched over 
(d) Third Alternate Route - PC (A) to Distant RC) ((f) Final Trunk 
(e) Fourth Alternate Route - PC (A) to Home RC ) (Group to Home SC. 
1 Final Trunk Group: 
f) PC (A) to Home SC. 

from Home SC to Reach TC (B) - See Diagram next page: 
Four 4 Hi h Usa e Trunk Groups, tested in order "from far to near." 

g Home SC to TC (B) ) 
(h) Home SC to Distant PC) - If no Idle Trunk, Call switched over (k) 
(i) Home SC to Distant SC) Final Trunk Group to Home RC. 
(j) Home SC to Distant RC) 

One 1 Final Tr1mk Group: 
k Home SC to Home RC. 
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End 
Off ice 

Home 
RC 

(k) 

(A~ 

i--~~~~~~~~~~~~~~~~~-.Distant 

RC 

(j) ____ - ------------
---- - - - - _l_il _ ---------- --- _(h) ---....... --

- - _ Distant --- --~ 
~ 

--- {g) ------............__ (B) 

"-- -....... -@,....+----E ••nd 

Possible ROtrrES from HOME SC to Reach TC (B) 
Office 

Four (4) Possible Routes from Home RC !g Reach TC (B) - See Diagram Below: 

One 

End 
Office 

Hi h Usa e Trunk Groups, tested in order .. from far to near." 
Home RC to TC (B) ) 
Horne RC to Distant PC) -

(n) Home RC to Distant SC) 
(1) Final Trunk Group: 

If no Idle Trunk, Call switched over (o) 
Final Trunk Group to Distant RC. 

(o) Home RC to Distant RC. 

Home 
RC 

i--------------~0 ........ --------.Distant 

- - ._ ..._ (n) - - -- -........ 

Possible RCXJTES from HO~E RC to Reach TC (B) 
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Three (3) Possible Routes from Distant RC to Reach TC (B) - See Diagram Below: 
Two 2 Hi h Usa e Trunk Groups, tested in order "from far to near." 

P D~stant RC to T~ {B) ) - If no Idle Trunk, Call switched over 
(q) Distant RC to Distant PC) (r) Final Trunk Group to Distant SC. 

One 1 Final Trunk Group: 

End 
Office 

r Distant HC to Distant SC. 

Home 
RC 

1~~~~~~~~~~~~~~~~~--IDistant 

RC 

I I I I (r) I 
I I 

I I 
I 

I I 

I , 
I I 

<... ' (q) 
<... ' ' ' ' ' (p) 

' ' ' ' 

Possible ROUTES from DISTANT RC to Reach TC (B) 

End 
Office 

Two (2) Possible Routes from Distant SC to Reach JC (B) - See Diagram Below: 
( s) High Usage Trunk Group - If no Idle Trunk Call switched over ( t) Final 

Trunk Group to Distant PC. 
(t) .E!D.21 Trunk Group - Distant SC to Distant PC. 

Home 
RC 

PC Home 

(A) I 
Erl 

/ 

(s).r" 
' ' ' 

/ 

' 

Distant 
RC 

/ 
/ (t) 

' ' ' ' 
Office Possible ROUTES from DISTANT _g::_j:o Reach TC (B) 
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Backbone Routes - Call Routed entirely over Final Trunk Groues (Very Unlikely} -
See Diagram Below: 

(f) PC {A) to Home SC 
(k) Home SC to Home RC 
(o) Home RC to Distant RC 
(r) Distant RC to Distant SC 
(t) Distant SC to Distant re 
(u) Distant FC to TC (B) 

Note: Checking available Routes requires about one second at each Officeo 

End 
Off ice 

Home 
RC 

...,_ _________ {o--) ________ -1 Distant 
RC 

(k} (r) 

( f) ( t) 

BACK.DONE HOTTES - PC {~o TC (B) 

3a) ALTERNATE RClJTitll 

.CHICAGO 

YOUNGSTOWN 

Poss_ible ALTERNATE ROlITH-l3 - South Bend to Youngstown 

1st Choice - Direct Route - South Bend to Youngstown. 

istant 

2nd Choice .,.,_ First Alternate Route - South Bend via Cleveland to Youngstown. 
3rd Choice - Second Alternate Route - South Bend via Pittsburgh to Youngstown. 
4th Choice - Final Route - South Bend via Indianapolis, Chicago, Pittsburgh 

and Cleveland to Youngstown - Backbone Route. 
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3b) STffiINJ and "SPILLU~G FORWARD" (Outpulsing) Required Digits 

CSP Switching Equipment: 1) 
2) 

Stores all Digits received. 
"Spills Forward" (OUtpulses) only those 
Digits required to complete the Call. 

South Bend Crossbar 

0 
Tandem OUtpulses 

- -).- - 202-NA4-9970 - - -> - - - --
South Bend / 

Pitts­
burgh 
CSP 

Pittsburgh CSP 
Deletes Area Code 202 

Crossbar Tandem High Usage Trunk ' ~~High Usage Trunk 
• Pittsburgh CSP 

OUtpulses NA4-9970 
\ 

h 
Washington D. c. 

Area 202 

DELETION OF 3-DIGITS - South Bend to Washington, D. C. Call 

End Off ice. ,,. 1 
St. Joseph, Mich._............ 1 ( Direct Trunk 

Area 616 South
1

Bend 
Crossbar Tandem 

Inpulsed to Outpulses 3465 . 
South Bend ~ 

Crossbar Tandem 0 
_______ 616-GA9-3465 - - - ->- - .- South Bend Crossbar Tandem 

CHICAGO 
4A 

AREA 312 

701+ 390+131 

390+ 131 

Deletes 616-GA9 

DELETION OF 6-DIGITS 

3c) COOE CONVERSION 
I 

FARGO 
CROSSBAR 

TANDEM 

131 

AREA 701 

High Usage Trunk 

WILLISTON 
sxs 

--- Final Route ._..... 

MINOT 
sxs 

CHICAGO WILLISTON 
TOLL OPERATOR INFORMATION 

OPERATOR 

Chicago Toll Operator Keys "701-390-131" into No. 4A Toll to reach Williston, N.D., 
Toll Information Operator. 

Chicago 4A Toll seizes a Direct Trunk to Fargo, N.D., and OUtpulses "390-131," 
Deleting the Area Code "701." 

Fargo Crossbar Tandem checks All Trunks Busy in the High Usage Group to Williston. 
Farao Crossbar Tandem CONVERTS "390" to "025" to operate Step by Step Switches in 
th~ Minot Office, routing the Call via th;"°Final Trunk Group. 

Fargo Crossbar Tandem then OUtpulses "131" into Williston Step by Step Equipment 
to reach the Williston Toll Information Operator. 
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3d) PREF IX ING 

A Call may be Routed from one Area to another and back to the Originating Area 
for Completion. 

405 AREA 
STATION 

ORIGINATING 
TOLL CALL 

LOCAL 
OFFICE 

915 AREA 

LUBBOCK 
TOLL 

OFFICE 

I 
I 

I 
NUMBER 

RECEIVED 
MA 2-9970 

MA 2 
LOCAL 

c.o. 

AMARILLO 
CROSSBAR 

TANDEM 
OFFICE 

CUSTOMER 

MA 2-9970 

PREFIXING - Routing Through a Foreign Area 

OKLAHOMA CITY 
TOLL OFFICE 

On a Call from Amarillo to Lubbock, Texas, within the Same Area: 
rr-All Direct Trunks to Lubbock are Busy. 
2) Amarillo Crossbar Tandem PREFIXES Area Code "fil" and Outpulses 

"915-MA2-9970," routing the Call via Oklahoma City in Area 405. 

Prefixing Digits may be required to Route a Call Through a Step by Step Primary 
Center. 

3) 

LOCAL 
OFFICE 

NUMBER OUTPULSED 
04-MA2-9970 

I 
I 
I 

CROSSBAR ~...._--....., 

TANDEM - ~ MA2-9970 

NUMBER RECEIVED 
MA 2-9970 == 4 TOLL 

STEP- BY - STEP 
PRIMARY CENTER 

~ CENTER 

The Crossbar Tandem Office Registers "MA2-9970." 

MADISON 
OFFICE 

LOCAL 
CUSTOMER 

MADISON 2 -9970 

To operate the Toll Selectors in the Step by Step Primary Center, 
the Crossbar Tandem Equipment PREFIXES "Qi" to "MA2-9970," and 
Outpulses "04-Mi\2-9970," 

The full 7-Digit Number, "MA2-9970," is passed to the Toll Center 
Switching Equipment. 
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3e) 6-DIGIT TRANSLATION 

3-Digit Translation Routes All Calls to a Foreign Area over a Single Route. 

6-Digit Translation, using a Foreign Area Translator, Routes Calls over Two 
or more Routes, to or towards the Foreign Area involved. 

1) The Crossbar Tandem Marker, for example, Translates the Area Code. 
2) Then the Marker Calls in the Foreign Area Translator to Translate 

the Central Off ice Code. 

W I S C 0 N S I ~// 

/ 

/ 
/ 

/ 

,...--"AREA 
/ 414 

ILLINOIS IND. 

ROUTE WITHOUT 6 DIGIT TRANSLATION 
--- ROUTE WITH 6 DIGIT TRANSLATION 

6-DIGIT TRANSLATION 
Chicago Belle Plain Crossbar Tandem to Madison, Wis. 

3-Digit Translation would Route All Calls via Milwaukee, involving 
extra Trunk Mileage and an additional Switching Point. 

With 6-Digit Translation, High Usage Trunks direct to Madison are 
tested first. 

415 
AREA 

OAKLAND 

I 
I 
I 
I 

916 
AREA 

- I ----\__ 
I ---
\ ~-
\ FRESNO 

I 

--- ROUTE WITHOUT 6-DIGIT TRANSLATION 

- - - - ROUTE WITH 6- DIGIT TRANSLATION 

6-DIGIT TRANSLATION 
Fresno to Monterey,California 
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3-Digit Translation - All 
Calls from Fresno to 
Monterey would be routed 
via Oakland. 

6-Digi t Translation - The 
Direct Trunks to Monterey 
would be tested first. 
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