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March 1963 

REPAIR AND MAINTENANCE INSTRUC'riONS FOR TSEC/KW-7' {¥6U6) 
Volume I-Description, Installation and Theory of Operation 

LETTER OF PROMULGATION 

1. This is a CONFIDENTIAL registered publication and will be handled, stored, and 
accounted for and destroyed in accordance with current regulations of the appropriate Depart­
ment, Agency, or other controlling authority pertainjng to registered cryptomaterial. Foimal 
authorization for access to CONFIDENTIAL cryptomaterial is required for perBODDel to have 
access to this publication . 

2. This publication will become effective upon receipt. Authorization for the eventual 
disposal of this publication will be issued at an appropriate time by the Director, National 
Security Agency • 

3. Amendments to this publication will be promulgated by means of printed or electri­
cally transmitted amendments. Individuals entering such amendments shall so indicate on 
the "Record of Amendments" page included herein as page 5. 

4. This publication is distributed to autho~ holders of TSEC/KW-7. 

5. THIS PUBLICATION CONTAINS INFORMATION AFFECTING THE NA­
TIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING OF THE 
ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793, 794, AND 798. ITS TRANS­
MISSION OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN 
UNAUTHORIZED PERSON IS PROHffiiTED BY LAW • 

6. C.lassifi.ed extracts from this publication may be made as necessary. Such extracts 
will be clasai:fied CONFIDENTIAL, marked CRYPI'O, and accounted for locally until de­
stroyed by burning. Formal authorization for access to CONFIDENTIAL cryptomaterial is 
required for personnel to have access to such extracts. 

7. This publication may not be carried in aircraft for use therein. 

COJiii!IIJ:DiHMJ 

~a.B~ 
GORDON A. BLAKE 

Lieutenant General, USAF 
Director 
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GENERAL INFORMATION ON RECENT EQUIPMENT CHANGES 
Several recent cbanges were made to the TSEC/KW-7 that were not incorporated into the original printfng of 
the repair and maintenance instructions for the TSEC/KW-'1. These changes are listed here for information 
purposes. They 'Will be incorporated into the appropriate volume of the repair and maintenance illstructtons 
in the first amendment thereto. 

1. A special medium-speed flip-flop has been substituted for medium speed fllp-tlop 1A 'l'JID21. 
2. The Loop-Inhibit/ Allow switch has been removed and a red strap wlre has been added between XA11-D and 

XAll-N. This Will only atfect the KW-7 during TWo-Wire Loop Adapter (KWL-4) operation. This strap 
will have to be removed to permit the KWL-4 to be used. 

3. Some wiring has been changed In the Loop OUtput Circuit located on Relay Assembly AlB. Also a 1 milli­
henry choke has been added. 

4. The output of the Time Standard (E-AJY) has been changed from a 7 volt peak-to-peak square wave to a 
2 volt rms sine wave. 
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CHAPTER 1 

INTRODUCTION AND CLASSIFICATIONS 

1000-INTRODUCTION 

KAM-143Bfi'SEC 

1001. Contents.-This book is Volume I of three volumes containing repair and maintenance 
information for the TSEC/KW-7 Electronic Tactical Teletypewriter Security Equipment 
(fig. 1-1). It also contains information about the following special-purpose ancillary units 
designed to operate with the TSEC/KW-7: Remote Control Unit, Functional Remote Control 
Unit, and the Two-Wire Loop Adapter (fig. 1-2). 

Short Title 
KAM-143B/TSEC 

KAM-144B/TSEC 

KAM-145A/TSEC 

Long Title 
Repair and Maintenance Instructions for TSEC/KW-7 
(FOUO)-(Volume !-Description, Installation, and Theory of 
Operation}. 
Repair and Maintenance Instructions for TSEC/KW-7 
{FOUO)-(Volume II-Preventive Maintenance, Troubleshoot­
ing, and Diagrams). 
Repair and Maintenance Instructions for TSEC/KW-7 
(FOUO)-(Volume III-Illustrated Parts Lists). 

Personnel maintaining the TSEC/KW-7 will need these three publications. A fourth publication, 
KAM-146A/TSEC, "Limited Repair and Maintenance Instructions for TSEC/KW-7", is a 
special-purpose document designed for personnel who will be authorized to perform limited 
maintenance. 

1002. Operatinglnstructions.-Operating instructions for the TSEC/KW-7 are contained in the 
effective edition of KA0-83/TSEC. Maintenance personnel should familiarize themselves with 
this publication. 

1003. Qualifications for Maintenance Personnel.-No persons will attempt to perform repair and 
maintenance work on the TSEC/KW-7 unless they have successfully completed an approved 
course of instruction in the maintenance of the equipment. 

1004. Modifieation of Equipment.-No modification will be made to the TSEC/KW-7 without 
prior authorization by the Director, National Security Agency. Correspondence pertaining to 
modification of the TSEC /KW -7 should be forwarded through proper Service or Agency channels 
to Assistant Director, NSA, for Communications Security, National Security Agency, 3801 
Nebraska Ave., N .W ., Washington 25, D.C., ATTN: 82. The modification instructions (KABs) 
which have been issued by the National Security Agency for the TSEC/KW-7 are listed on the 
last page of chapter 2. 

1005. Terminology.-At various places in this manual, the equipment is referred to either as 
the TSEC/KW-7 or simply as the KW-7. Some of the short title nomenclature has been 
dropped for the sake of brevity. It should be understood that all such references mean the 
production TSEC/KW-7 equipment. 

1006. Comments and Reeommendations.-Comments and recommendations regarding the KW-7 
equipment or the contents of this book are invited. Such comments and recommendations 
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should be forwarded through normal Service or Agency channels to the Assistant Director NSA, 
for Communications Security, National Security Agency, 3801 Nebraska Ave., N.W., Washington 
25, D.C., ATTN: 82. 
For Army Accounts: Comments regarcllitg this manual or the equipment will be forwarded 

through channels to the Comnianding Officer, U.S. Army Signal Communi­
cations Security Agency, Arlington Hall Station, Arlington 12, Virginia, 
ATTN: SIGCR--4. 

Two-Wire Loop AclapCer 

Remote ControlUait Fanetkmal Remote Ceatrol Ulllt 

Figure 1-2.-Remote Control UDit, Loop Adapter UDit, 
and Functional Remote Control Unit. 
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lloo-sECURITY CLASSinCATIONS 

1101. Classifteation of KAM-1438/TSEC.-Thia book is a registered publication and is classi1ied 
OO!fPIDElN'PIA-b OWIP'!'O. Formal authorization for access to CONFIDENTIAL crypto­
material is requiTed for personnel to have access to this publication. 

1102. ClassificationofKW-7.-The KW-7 is classified CONFIDENTIAL-CRYPT<>. 

a. Formal authorization for access to CONFIDENTIAL cryptomaterial is required for: 
(1) Internal viewing. 
(2) External viewing with permuter cover removed. 
(3) Access to maintenance and operating instructions . 

b. The KW-7 may be viewed externally by uncleared peraonnel provided that: 
(1) They are escorted by properly cleared personnel. 
(2) The equipment is closed and the permuter cover is attached. 
(3) Attention is not directed to the equipment or its function. 

Note: Photographs of the KW-7 with the permuter cover in place should be marked 
"FOR OFFICIAL USE ONLY". All other information concemmg crypto-equip- J1 
ments and cryptosystems are government information, "FOR OFFICIAL USE ~ 
ONLY", and shall not be revealed to any greater extent than operationally 
necessary. Equipments and systems should not be publicly exhibited or discussed, 
nor should information be released to the press or other news media. 

1103. Classifieation of Components.-The KW-7 con.sistJi of the following components which are 
classified as shown: 

Trigraph Designator Classfflcation 

E-AJJ CONFIDENTIAL-CRYPTO 

E-AJK CONFIDENTIAL-CRYPTO 

E-AJL CONFIDENTIAL-CRYPTO 

E-AJM CONFIDENTIAL-CRYPT<> 

E-AJN UNCLASSIFIED 

E-AJO CONFIDENTIAL-CRYPTO 

E-AJP UNCLASSIFIED 

E-AJQ UNCLASSIFIED 

E-AJR UNCLASSIFIED 

E-AJS UNCLASSIFIED 

E-AJT UNCLASSIFffiD 

E-AJU UNCLASSIFIED 

E-AJV CONFIDENTIAL-CRYPTO 

E-AJW UNCLASSIFIED 

E-AJX UNCLASSIFIED 

E-AJY UNCLASSIFIED 
E-AJZ UNCLASSIFIED 

eeNPIBBN'fiAri:a ORIGINAL 21 
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1104. Safeguarding the Equipment-The KW-7 and its associated equipment will be handled 
and accounted for in accordance with the regulations of each Service or Federal Agency 
governing the handling of registered cryptomaterial. Specific requirements for the safeguarding 
ofcryptomaterial ere contained in the effective editions of KAG-1/'I'SEC, KAG-8/TSEC, and 
KAG-9/TSEC. 
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CHAPTER 2 

DESCRIPTION OF EQUIPMENT 

~FUNCTIONAL DESCRIPTIQN 

KAM-143B(l'SEC 

• e~·IP:ro-£Qu,fe "'l,llif . 2001. General.-The KW-7 (fig. 1-1) JS a portable~ ¥ICe capable of operation 
either synchronously for on-line tactical point-to-point or netted teletypewriter communica­
tions or asynchronously for communicating directly with teletypewriter equipment. The form 
of communication between stations is manually selected to be either plain text or cipher text . 
With plain operation selected, information is transmitted and received in plaintext form. In 
cipher operation, however, the KW-7 enciphers plaintext characters received from a teletype-
writer keyboard or transmitter-distributor by combining tb~m · key stream output of 
its key generator. The resulting cipher text output is in 7.0 7.42 teletypewriter form. 
It is then transmitted over wire lines or by a radio link to graphically compatible 
KW-7 equipped stations in the communications system without revealing the message contents 
to other than the intended parties. A receiving KW -7 receives the input teletypewriter signal, 
converts it to data for internal processing and by a decryption proce8s cancels the key signal 
added at the transmitting site. The resultant plain text is copied on a teletypewriter page 
printer, Major sections of the KW-7 are the input section, extensor and control section, key 
generator section, alsrm section, output section, and timing generator section. Ancillary equip­
ment provided for special-purpose use of the KW -7 include a remote control unit, a functional 
remote control unit, and a two-wire loop adapter unit, (fig. 1-2). 

2002. Equipment Required.-A secure communications system requires at least two KW-
7'&-one at each end of the transmission link. Each KW-7 is capable of transmitting or re­
ceiving information, but not simultaneously. Placing two KW-7's at each station permits 
full-duplex operation; that is, the simultaneous transmission and reception of information. 

2008. KW-7 Function.-Figure 2-1 illustrates a simplified block diagram of two KW-7's in 
operation. The functional description of the equipment is as follows: 

a. Input Section. 
(1) The loop input section is the portion of the KW-7 that accepts input sig.nals in either 

the 7.0 or the 7.42 baudot code at nominal speeds of 60, 67, and 100 words per minute 
(45, 50, and 75 baud modulation rates respectively) from standard teletypewriter de­
vices and converts these binary signale into levels that can be processed by the system. 

(2) The line in_p_ut section accepts 7.0 band!JL.._code from the line at 60, 67, or 100 words per 
.. minute and converts 'CheBi" Binary signals into liVe.fs that can be processed by the 
system. 

b. Ertensor and Control Section.-The extensor and control section retimes the asynchronous 
signal inputs from the teletypewriter devices to the synchl'Onous KW-7 timing. This re­
timing is necessary so that the KW -7 start pulse and the input information pulse transitions 
will occur exactly in step with the timing pulses which am generated within the KW-7 con­
trol sections. 

c. Key Generating Section.-The key generating section is responsible for the security of the 
system. The key signal generated by this section is a two-level signal containing many 
transitions from one level to another. The distribution of high and low levels in the key 
signal is of a random nature. The key signal generated by one KW-7 is duplicated by 
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another KW-7 when the two equipments are interconnected through some form of com­
munications link and have their permuter patch cords wired in identical configurations in 
agreement with a key list. 

d. Alarm Section.-The alarm section is that portion of the KW-7 which monitors various por­
tions of the key generator. In the event of a malfunction within the key generator,. Lrans-

• missiOn. is stopped and the operator Js notmed by both an audible alarm and an indicator 
lamp that such a condition exists. 

e. Output Section.-The output section Js that portion of the KW-7 which converts the data 
information to binary information signa1s for transmission to a receiving KW-7 and to the 
tl'ansmitting KW-7's page printer. 

f. Timing Generator Section.-The timing generator section provides a crystal-controlled time 
reference to the other sections for synchronizing their operations . 

g. Remote Control Unit.-The KW-7 is provided with a remote control unit which allows the 
KW-7 to be operated at a position up to a maximum of 500 feet away. The remote con­
trol unit contains a oomplets set of psral1el oontro1s, indicators, and signal input/outputs 
necessary for remote operation of the KW-7. 

h. Functional Remote Control Unit.-The functional remote control unit provides the KW-7 
with a limited set of parallel oontro1s and indicators by which it may be operated at a loca­
tion up to 500 feet away. When the Functional Remote Control Unit is used, the KW-7 
can be operated in cipher mode only. 

i. Two-Wire Loop Adapter Unit.-The two-wire loop adapter unit is supplied with the KW-7 
when. it is necessary to convert a four-wire loop input/output circuit to a two-wire loop 
input/output circuit. This unit is used in a limited number of special applications. 

2004. Key Formation.-The KW-7 uses permuter patch cords to determine which outputs 
of the key generator will be used for combining to form key. The arrangement of the patch 
cords contro1s the overall pattern of the key signal. In regular operational use, patch cords 
are normally changed daily. The use of a dDferent key signal each day increeses the secu­
rity of the system. 

ZOOi. Types of Operation.-The KW-7 may be used in either of two operations: half-duplex 
or full-duplex. The following subparagraphs describe each operation and some possible com­
binations which may be used. 

a. ·Half-Duplex Operation (fig. 2-1).-When the KW-7 is connected for half-duplex operation 
either station can transmit or receive information, but not both simultaneously. Two typ­
ical types of operation using the half-duplex system are two-station and multi-station. 
The two-station operation provides communication between two stations; the multi-station 
operation permits comm:unicati~ throughout a net (more than two stations). 

b. Full-Duplex Operation (fig. 2-2).-When the KW-7 is operating in the full-duplex operation, 
two units are located at each station to permit simultaneous transmission and reception. 

2006. Modes of Qperation.-The KW-7 can be operated in one of two modes: plain or cipher. .... 
The following subparagraphs describe the operation of the KW-7 in each mode. ! 
a. Plain Mode of Operation.-In the plain mode of operation, the KW-7 may operate either 

plain synchronous or plain asynchronous. 
(1) Plain synchronous operation. 

(a) Transmit operotion.-During plain synchronous operation, the KW-7 accepts 
either 7.0 or 7.42 baudot code loop inputs (real-time) from a teletypewriter key-
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board or a transmitter-distributor. The 7.0 or 7.42 code is rethned (real-time 
converted to system-time) with the internal K.W-7 timing and the resulting 7.0 
code is fed to the line output circuit for transmission to another K.W-7 and to the 
loop output circuit. The information from the loop output circuit is printed out 
on the transmitting KW-7's page printer (home copy). 

(b) Receive operation.-The receiving KW-7 accepiB the 7.0 baudot code transmitted 
by the transmitting KW-7 at iiB line input circuit. This 7.0 code is examined 
withln the KW-7 and then fed to the loop output circuit where it is printed out 
on the receiving KW-7's page printer. 

(2) Plain asynchronous operation. 
(a) Transmit operation.-Transmit operation of the KW-7 in the plain asynchronous 

mode is the same as tbat discussed for plain synchronous operation. 
(b) Receiue operotion.-The receiving KW-7 line input circuit accepiB 7.42 teletype­

writer signals direct1y from teletypewriter equipment and routes the information, 
to the receiving page printer. 

b. Cipher Mode of Operation. 
(1) Transmit operation.-During cipher operation the KW-7 accepts either 7.0 or 7.42 

baudot code loop inpuiB from a teletypewriter keyboard or transmitter-distributor. 
The data inputs are retimed within the extensor and control section to form a 7.0 code 
that is combined with the key generator signal to produce the cipher text. This cipher 
text is converted to teletypewriter signals by the output circuit for transmission to 
other KW-7 equipped stations. The loop input signals, in addition to being supplied 
to the extensor and control section, are fed directly to the loop circuit where they are 
printed out on the page printer as plain text (home copy). 

(2) Receive operation.-A receiving KW-7 aocepiB 7.0 baudot code data at iiB line input 
circuit. This data, the cipher text sent from the transmitting station, is examined by 
the extensor and control section to ascertain tbat a message is being received and, if so, 
processed through the key generator section where the information is decrypted by 
canceling the key signa]. added at the transmitting KW-7. The resultant plain text is 
supplied to the loop output circuit where it is printed out on the receiving page printer. 

2007. Types of Transmission.-The KW-7 equipment has provisions for two types of trans­
mission: de land-line teletypewriter transmillrion or radio transmission. The following sub­
paragraphs briefly describe each type of transmission. 

a. DC Land-Line Transmission.-In direct-current land.~line teletypewriter transmission, the 
output of the sending unit is routed through a transmission line directly to the receiving 
unit. The KW-7.can operate on either neutral or polar type of line operation. In neutral 
operation, current :flows in one direction only. Marking impulses are current impulses, and 
spacing impulses are non-current impulses. In polar operation, current 1lowa in both 
directions. Marking impulses are current impulses in one direction; spacing impu]ses are 
current impulses in the opposite direction. 
Note: Figure 2-8 illustrates nominal signals for both neutral and polar operation. It 

should be understood that start (space) signal (mark and space) and stop (mark) 
durations for each type will vary in proportion to the teJetypewr.iter speed; i.e., the 
baud peli.od for 60 words-per-minute operation is greater than that for 100 words­
per-minute operation. Table 2-1 defines the individual length for the various bauds 
at teletypewriter speeds with 7.42 baudot code. 
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TIME ... 

A. NEUTRAL SIGNAL FOR LETTER Y AT 60 WPM 

M = MARKING IMPULSE 

S = SPACING IMPULSE 

0 ~START I M I s I M I s j M ! STOP i 
TIME--. 

28 

B. POLAR SIGNAL FOR LETTER Y AT 60 WPM 

Figure 2-3.-Teletypewrlter Character Formation, 
Neutral and Polar Signals. 
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TABLE 2-1 

T:ELETYP:EW.RIT:ER BAUD SPACING 

Speed Start and Baud Stop 
(WPM) (milliseconds) (milliseconds) 

60 22.2 31.5 

67 20.0 28.4 

100 13.3 18.9 

KAM-148Bfl'S:EC 

b. Radio Communications Transmission.-The output from the KW-7 can be used to modulate 
a tone keyer, such as the TH-O, making the KW-7 compatible with standard radio com­
munications facilities. 
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2100-PHYSICAL DESCRIPTION 

2101. Weight and Dimensions. 

a. Packed.-When fully packed for shipment or storage. the KW-7 carrying cases ha.ve the 
following weights and dimensions: 
tl) The KW--7 equipment carrying case is 21X inches high, 20}( inches wide, 22 inches 

deep, and weighs approximately 125 pounds. 
!2) The Remote Control Unit carrying case is 15* inches high, 26~ inches deep, and 

weighs approximately 6 pounds. 
(3) The Spare Parts carrying case is 12% inches high, 24~ inches wide, 15~ inches deep, 

and weighs approximately 75 pounds. 

b. Unpacked. 
(1) The KW.-7 is 119:12 inches high, 15l%4 inches wide, 141~6 inches deep and weighs 

74.0 pounds. 
C2i The Remote Control Unit is 534 inches high, 61 Ho inches wide, 4% inches deep and 

weighs approximately three pounds. 
(3) The Two-W'Jre Loop Adapter Unit is 4 inches high, 5~ inches wide, 6~ inches deep 

and weighs approximately two pounds. 
!41 The Functional Remote Control Unit is 4X inches high, 8~ inches wide, 5~ inches 

deep and weighs approximately two pounds. 

2102. Storage Requirements.--8ecurity regulations govern the location of cryptographic 
devices. Storage of the KW -7 and associated ancillary units should be hand1ed in accordance 
with existing MIL specifications on electronic equipment as well as specific instructions for 
classified equipment. 

2103. Major Assemblies (fig. 2-4 and 2-4A).-The KW-7 equipment consists of four major 
assemblies: the KW-7, the Remote Control Unit, the Functional Remote Control Unit, and 
the Two-Wire Loop Adapter Unit. The KW-7 contains the circuitry required to perform the 
cryptographic function. The Remote Control Unit is utilized when remote operation of the 
system is required, the Two-Wire Loop Adapter Unit is utilized when the equipment is to be 
used with a two-wire high-level loop circuit and the Functional Remote Control Unit is uti­
lized when the equipment is to be operated, in the cipher mode only, at a remote location 
Table 2-2 lists the four major assemblies. 

2104. Subassemblies.-Tbe only major assembly which contains subassemblies is the KW-7 
(fig. 2-4). Table 2-3 defines these individual subassemblies. 

a. Subassemblies Al through AI4.-8ubassemblies A1 through A14 are printed-circuit cards 
which are mounted within the KW-7 "wire-nest". Each card consists of a double-sided 
etched board mounted on a rectangular frame. One side of the card (fig. 2-5) has en­
capsulated circuits (modules) mounted on it. Each module has both its individual part 
number and a triangular symbol embossed on the top. The latter allows the technican to 
determine in which direction the module must be placed when it becomes necessary to in­
stall one. The etch board also has a triangular symbol :t'or proper module orientation. 
The square solder pod immediately to the right of this symbol is pin number 1. Subsequent 
module pins are numbered clockwise. (Refer to Section 4200 of Chapter 4 for illustrations 
which show the pin orientation.) The last two digits of the part number are located under­
neath each module, etched into the printed-circuit board. This allows the technician to 
verify the type of module to be replaced. The other side of the card (:fig. 2-6) has, in ad­
dition to etch, the reference designator of each module found on that board. In this man-
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Figure 2-6.-Typical Card Assembly (Etch Side). 
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Figure 2-9.-Filter Unit (A17). 
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ner it is possible to not only know the part number of the module but which module is to 
be placed where. The rectangular card frame has a test point block mounted on it. The 
test points provide the teclmician with readily accessible points for troubleshooting the 
equipment. 

b. Subassembly Al5.-8ubassembly Al5 is the time standard used to provide the basic timing 
pulses for the KW-7. Figure 2-7 illustrates a typical configuration for the subassembly. 

c. Subassembly A16.-8ubassembly Al6 is the power supply used to provide the KW-7 with 
the necessary operating voltages. The power supply (fig. 2-8) is enclosed within a rectan­
gular aluminum housing which may be removed for troubleshooting purposes. The top 
portion of the power supply is a1so removable and is uaed. to encloae the power supply test 
panel. This test panel provides test points and potentiometer adjustments which enable 
the technician to adjust the power supply voltages. 

d. Subassembly Al7.-8ubassembly Al7, the :filter unit (fig. 2-9), is located at the rear of the 
KW-7 and contains all of the external input/output coDDeCtion provisions except there­
mote connector. TheBe inputs and outputs are all :filtered within the :filter unit. 

e. Subassembly Al8.-8ubassembiy AlS, the re1ay assembly, is installed in the bottom of the 
KW-7 Main Assembly (see fig. 2-15) and contains aawciated components (relays, tran­
sistors, etc.) which contribute to the operation of the KW-7 equipment. 

TABLE 2-S 

LIST OF MAJOR ASSEMBLIES 

Name of Major Assembly Physical Configuration 
(Figure Number) 

KW-7 Main Assembly 1-1 
Remote Control Unit Assembly 1-1 

Two-Wire Loop Adapter Unit Assem.bly 1-1 i 
Functional Remote Control Unit Assembly 1-1 

TABLB~ 

LIST OF MAIN ASSEMBLY MAJOR SUBASSEMBLIES 

Trigraph .Reference Name of Subaaaembly Loaatlon of Subaaemb]y 
De.ignator Designation (Figure Number) 

E-AJK Al Shift Register No. 1 ·- 2-4 

E-AJJ A2 ShiCt Register No. 2 L 2-4 

E-AJM A3 Key Generator No. 1 2-4 

E-AJL A4 Key Generator No. 2 1- 2-4 

E-AJO Ali Alarms . 2-4 

E-AJN A6 Master Control 2-4 

E-AJQ A7 Clock 2-4 

E-AJP A8 Input Counter 2-4 

E-AJS A9 Begfaters 2-4 

E-AJR AlO Output Counter 2-4 
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TABLE S-a (Contl:nued) 

Tripaph Reterenoe Name of Suba.8embly 
Location ot su-mbly 

Deaignator Dealgnatiou (ll'lcUH Number) 

E-AJU All Input Circuit Z-4. 

E-AJT A12 Indicator Counter Z-4. 

E-AJW AlS Output Circuit Z-4. 

E-AJV Al4 Noiae a-ator ..... ~t Z-4. 

E-AJY Al5 Time 8taDdard Z-4. 

E-AJX Al6 PowarSupply Z-4. 

None Al7 Filter UDit 2-4,2-9 

Noue Al8 Relay A.ambly 2-15 

!105. General Construction.-The major portion of the KW-7 equipment is housed in the 
Main Assembly and consists of the power supply, time standard. filter unit, and fourteen 
printed circuit card subassemblies. The remaining units of the KW-7, the Remote ·Control 
Unit, the Two-Wire Loop Adapter Unit and the FunctiODal Remote Control Unit contain 
those components necessary to adapt the system to remote operation and operation with a 
two-wire high current level loop circuit. 

IJ. KW-7 Main Assembly.-The KW-7 Main Assembly is fabricated of a sheet aluminum en­
closure riveted to a cast aluminum base. Overall dimeosions of the cabinet ue 106

"" 

inches high, 13% inches wide, and l~s inches deep. All major com.pcments, aigDal con· 
nections, card wiring cables, indicator lights and ciontrols are mounted on the Main As­
sembly casting • 

b. Remote Control Unit.-The Remote Control Unit is made of welded aluminum construction. 
It is finished in corrosion resistant enamel. The components IUICI!8Il8ry to allow the KW-7 
to be operated remore}y are mounted within the 881181Dbly. 

c. Two-Win Loop Adapter Unit.-The Two-Wire Loop Adapter Unit is made of welded alu­
minum construction. It is finished in corrosion resistant enamel. Cable conuections ue 
provided on the exterior of the unit. 

d. Functional Remote Control Unit.-Tb.e Functional Remote Control Unit is of welded alu­
minum construction and finished in corrosion resistarit enamel. The indicators and con­
trols required to effect remote control of the K.W-7 in the cipher mode are mounted on the 
assembly. 

2106. Reference Designation System.-Eacb unit, 88181Dbly, sub88181Dbly, or detail part in 
the KW-7 equipment has a letter-numbered code designation that associates symbols on a 
drawing with the location of components in a parts list or in the equipment. The discussion 
of the reference designation system is divided into tluee parts: Unit designation, subassembly 
designation, and detail part. 

a. Unit Designation.-The KW-7 system consists of four units. Unit 1 refers to the KW-7 
Main Unit, Unit 2 refers to the Remote Control Unit, Unit 3 J:e1'ers to the Two-Wile Loop 
Adapter Unit, and Unit 4 refers to the Functional Remote Control Unit. 

Reference Designation Definition 
1 KW-7 Main Unit 
2 Remote Control Unit 
3 Two-Wire Loop Adapter Unit 
4 Functional Remote Control Unit 
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b. Subassembly Designation.-The main assembly is divided into BUbassembUes. These sub­
assembly reference designation numbers are pleCed.ed by the letter A and are added to the 
unit number for a particular assembly. For example, lAl is the reference designator for 
assembly 1 in the KW-7. In this case, lAl J:efers to the first card of the KW-7. 1A2 re­
fers to the second card of the KW-7. 

c. Detail Part Designation.-Detail parts contained on a subassembly are identified by adding 
a part designation letter and number to the subassembly reference designator. For ex­
ample, Module MDI of the first card (lAl) is reference designated aslAlMDl. Following 
are examples which illustrate reference designators for detail parts: 

Reference Designation Definition 
1C2 Second capacitor of the KW-7 
1A6MD11 Eleventh module of sixth subassembly of the KW-7 
3CR4 Fourth diode of the Two-Wile Loop Adapter 
2Jl First jack of the Remote Control Unit 

2107. Provision for Electrical Connections.-The KW-7 contains provisions for making 
electrical connections to various pieces of ancillary equipment. Table 2-4 defines those con­
nectors located on the KW-7, the Remote Control Unit, Two-Wire Loop Adapter Unit and the 
Functional Remote Control Unit. 

Unit Ref. Dealg. Fig. No. 

KW-7FUtr!r 
1Al7 2-10 

1Al7 2-10 

1A17 2-10 

1A17 2-10 

1A17 2-10 

1AI7 2-10 

IA17 2-10 

--
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TABLE 2-4 

KW-7 CONNECTORS 

Type Panel Marking 

Quick- Jl,ACPOWER 
ctisconnect 

Quick- J2,24VDC 
diacoDneet 

Quick- J3, LOOP IN-1 
cUacollDIICt J4, LOOP IN-2 

CP2 

Quick- J5,TD STEP 
cUacoDIUICt 

Quick- J6,PTS 
dlscollDIICt 

Quick- J7, LOOP OUT-1 
d!.scomJect: J8, LOOP OUT-2 

CPl 

Twist-top El,LINEIN 
terminals E2, LINE IN 

--

Function 

Provides 115V/230V power input to 
the equipment. 

Provides DC power input to the 
equipment. 

Allowa two loop-in eignala to be fed 
to the equipment. (U only oDe in-
put is to be used it will be JI8CEBa1'y 
to place the jumper plug, aupplHd 
with the equipment, in the CP2 
CODDeetor.) 

Provides a D:U!aDB or stepping a 
tnmsmitter-distributor by employ-
ing the internal KW-7 timing. 

Provides for the coDDSCtlon of a 
device that prevents inadvertent 
tnnwmjaajon of plain text informa-
tion. 

Allows two loop-out sigDala to be 
tr8JIIJDlitted from the equipment. 
(If only one output is being used it 
will be necasary to place the jumper 
plug, supplied with the equipment, in 
the CPl counector.) 
Provides a means or acceptiDg eithel' 
two-wire or tour-wire line-in aiguala. 
(If two-wire line-in is being u.d it 
will be -.ary to place a jumper 
wire between E2 and E4, LINE 
OUT.) 
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• TABLE Z-4 (Continued) 

. UDit Ret. Desig. Jl'tg. No. Type Panel MarkiDc Function 

1A17 2-10 Twist-top E3,GRD ADowa the KW-7 to be groUD.ded to 
terminals to the TTY. 

1A17 2-10 Twist-top E4, Ell and E6, Prov:ldea a meaJIII of traDsmittiDg 
terminals LINE OUT two-wire or four-wire neutral or 

polar signals. (If neutral fa used, 
tarmfDal E6 fa not CODDIICted.) 

KW-7 
1 2-10 PhoDSJack J2, AUX. FREQ. ADowa an ezternal 100KC timing 

INPUT signal to be U88ll in place of tbs 
interDally geDerated 1MC timing 
Bignal. • 1 2-10 Quick- Jl,REMOTE ADowa the KW-7 to be CODtrolled 

diBoozmect by either the zemote control unit or 
the functional remote control UDit. 
Al&o provides signal path. 

Remote Control Unit 
2 2-11 Quick· Jl,REMOTE Perform& tbs same function a& the 

ctiBconnect BOX REMOTE connector located OD 

KW-7. 

2 2-11 Quick- J2, PTS Pedorm& the 8IUD8 funclaon a& tbs 
diacolmect PTS CODJUICtor located OD KW-7. 

2 2-11 Quick- J3, LOOP IN-1 Pedorm& tbs 1111!118 function a& the 
diacoJmect J4, LOOP IN-2 LOOP IN-1 and LOOP IN-2 con-

CPl nectorB located OD the KW-7. (If • only OD8 input iB U8lld it iB DeCellllllrY 
to iDstall the jumper plug, &upplied 
with the equipment, in the CPl 
ClOIIDI!Ctor.) 

2 2-11 Quick- J5, LOOP OUT-1 PerfOrms the same function a& the 
disconnect J6, LOOP OUT-2 LOOP OUT-1 and LOOP OUT-2 

COliiiiiCtorB located OD the KW-7. 
(If only cme output fa UBBd it iB 
D8C8IIII8ry to inBtaU the jumper plug, 
BUppliBd with the equipment, in the 
CP2 colllltiCtor.) 

2 2-11 Quick- J7, TD Step PerfOrms the 8IUD8 function a& the 
disconnect TD STEP COliD8Ctor OD KW-7. • Two-Wire Loop 

Adapter Unit 
3 2-12 Quick- J2, TTY INPUT Provides CODDeCI:ion of the two-

cti&connect wire high-Jevel loop input-output 
teletypewriter circuit. 

3 2-12 Quick- Jl, LOOP INPUT ADowa the converted low-level loop 
dlaconnect input aignal to be fed into the KW-

7 loop input. 

8 2-12 Quick- J3, LOOP OUT· ADowa the plaiDtezt loop output 
diacoJmect PUT BigDal from tbe KW-7 to be con-

varied by the two-wire Loop • Adapter Unit and fed to the Loop 
TrY. 

-
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TABLE 2-4 (Continued) • Unit Ref. De81g. I'Jg.No. Type Panel Marking Function 

Functional Remote 
Control Unit 

4 2-13 Quick- Jl,REMOTE Parforma tba same function as tba 
disconnect BOX REMOTE ccmDector located on tba 

KW-7. 

4 2-13 Quick- J2,TD STEP Performs tbe 88Dl8 function as tba 
disconnect TD STEP CODDSCt;or located on tbe 

KW-7. 
~~ ~- ----- -

• 

• 

• 

Figure 2-10.-Rear View of KW-7. • 42 ORIGINAL 
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Figure ?rll.-Rear View of Remote Control Unit. : 
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2108. Operating Controls and Indicators.-Tables 2-5 and 2-6 define those operating con­
trols and indicators located on the KW-7, Remote Control Unit, Two-Wil'e Loop Adapter 
Unit and Functional Remote Control Unit. 

TABLE 2-5 

OP.BBATING CONTROLS AND INDICATORS 

Unit Ret.Deaig. Fig. No. Type Panel Markb:tg J'unctfon 

KW-7 
1 DSl 2-14 Indicator PLAIN Indicates when the KW-7 is 

Lamp beJug used in either the PJ&in 
8yDcbrououa (SYNC) or Plain 
Aaynchrollous (ASYNC) 
modea of Operation. 

1 DSS 2-14 Indicator POWER ON Indicates when primary power 
Lamp has been app)isd to the KW-7. 

1 DSS 2-14 Indicator MI AJJowa the KW-7 operator to 
Lamp visually determine that a faD-

ure has oecurzad in the ran-
domizer. 

1 S4/0S4 2-14 Pushbutton BREAK Allows the KW-7 opera1:ar to 
Switch/In- break the JiDe. The indioator 
dicator lamp is provided to lllfor.m the 
Lamp equipment operator of this 

break condition. . --- .. 
J DS5 2-14 Indicator P&I Indicates that the KW-7 has 

Lamp initiated the phasi.Dg and indi-
cator phase of operation. 

1 S5/DS6 2-14 Pushbutton SEND AJJowa the KW-7 operator to 
Switch/In- initiate the phasbtg and indica-
dicator tor phase of operation. The 
Lamp indicator lamp Ia a visual aid 

to provide a means of moaitor-
iDg the activation of the !IIIDd 
circuits. -

1 DS7 2-14 Indicator ALARM Indicates that a failure exists 
Lamp in the key generator. 

I Sl 2-14 Rotary REMOTE- Allows the KW-7 to be placed 
Switch CIPHER- in one of three operatiug 

SYNC- modes: Remote, Cipher or 
ASYNC Plain. (Tbe operator has two 

choices of Plain operation: Syn-
chronous or Aayncbronous.) • 

I S2 2-14 Toggle POWER ON- Allows 115V AC, 230V AC or 
Switch OFF 24V DC powsr to be applied to 

theKW-7. 

1 S3 2-14 Pushbutton BREAK Allows the KW-7 operator to 
Switch RESTORE to remove the break conditiou. 

(Returns the !me out circuitry 
to the lille.) 

1 S6 2-14 Rotary ALARM Allows the KW-7 operator to 
Switch TEST simulate failures within the 

eiarm portions of the equip-
IMilt 80 88 to cback the alarm 
portions for proper operation. 
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• Unit Ret.Deldg. 

1 812 

1 813 

1· 1.81 

• 
KW-7Filter 

1A17 Sl 

Remote Control 
Unit 

2 081 

e 
2 DS2 

2 DS8 

2 DS4 

2 81 

• 2 S2/DS5 

2 I.BI 

.. 
2 ss 

2 S4/DS5 

e 
t"'n....-nnn~.:r:. 

TABLE J.-1 (Continued) 

:nc.No. Type Paael:DrlarkbqJ 

2-10 Rotary BREAK 
Switch FUNCTION 

2-10 Rotary W.P.M. SPEED 
Switch SELECTOR 

2-16 BUZZ81' None 

2-10 Toale 115V/280V 
Switch 

2-16 lDdicator PLAIN 
Lamp 

2-16 lDdicator CIPHER 
Lamp 

2-16 IDdicator ALARM 
Lamp 

2-16 Indicator P&I 
Lamp 

2-16 Rotary SYNC-
Switch ASYNC-

CIPHER 

2-16 Pushbutton BREAK 
Switch/In-
dicator 
Lamp 

Buzzer None 

2-16 Pushbutton BREAK. 
Switch RESTORE 

2-16 Pushbutton SEND 
Switch/In-
dfcator 
J'..amP 

·- -· 

KAM-148Bfl'SEC 

Jl'uDction 

Ailowa tbe KW-7 operator to 
disable the break t\mctioll 
when the equipment fa baing 
used with radio equipment. 

Allowa tbe KW-7 operator to 
match the KW-7 operatmg 
speed to that of the ta1etypa-
writer equipment. 

Allows the KW-7 operator to 
monitor the alarm circuits 8Dd 
the break circuits. The alarm 
willeoUDd if an alarm circuit 
fallB. if a break occara in tbe 
Hue or if operating in plain 
mode. 

Provides a meaDB of awitching 
the iDterDal power supply to 
accept either 115V AC or 230V 
AC. 

Performs the Mme :fullotion as 
does the PLAIN indicator 
lamp located on tbe KW-7 • 

.Allo'WI! the KW-7 operator to 
verify that Cipher operation ill 
in effect when aelected. 

Performs the Mme function as 
the ALARM lamp located on 
tbeKW-7. 

Performs tbe same fcmction as 
tbe P&I indicator lamp located 
ontheKW-7. 

Per£arma the same function as 
doee the switch used on the 
KW-7. 

Per.fomus the same fcmction as 
does the BREAK switch lo-
cated on the KW-7. 

Per£arma the same function a 
the buzzer located on the 
KW-7. 

Performs the Mme flmcti.on as aa 
the BREAK RESTORE 
BWitch located on tbe KW-7. 

Performs the Mme functioD8 as 
the SEND aw.itch located on 
theKW-7. 
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TABLE ll-5 (Continued) • Unit Ref.Deslg. Fig. No. Type Panell\larklnc Function 

3 Sl 2-12 Rotary LOOP Allowa the KW-7 operator to 
Switch ~0 aelect the proper operating 

cummt. 

4 Sl/DS4 2-17 Pushbutton SEND Performs the aame funetion aa 
Indicator the SEND switch located on 
Lamp theKW-7. 

4 DSl 2-17 Indicator P&I Performs the same ltmction aa 
Lamp the P&I indicator lamp lo-

cated on the KW-7. -
4 DS2 2-17 Indicator ALARM Performs the same ltmction aa 

Lamp the ALARM indicator lamp 
located on the KW-7. • 4 DS3 2-17 Indicator READY Indicates that the control 

Lamp UDit fs oparatioual. 

4 LSl 2-17 Buzzer None Performs the same function aa 
the Buzzer located on the 
KW-7. 

TABLE 2-8 

INTERNAL OPBBATING CONTROLS 

Unit Ref. Desig. Fig. No. Type Panel Marking Function 

1 RlO 2-4 Potenti- LOOP OUT- Allowa the K\V-7 operator to • ometer PUT ADJUST properly adjust the loop-out 
current. 

1 sa 2-4 Toggle LOOP OUT- Allowa the KW-7 operator to 
Switch PUTINWBIT/ disable the loop-out circuit 

ALLOW and switch it to the Two-Wire 
Loop Adapter Aa.mbly. 

1 S9 2-4 Toggle ALARM Allowa maintenance perao=el 
Switch ON-OFF to disable the audible alarm 

buzzer when troubleshootiDg in 
PLAIN text. -

1 SlO 2-4 Toggle LINE INPUT Allowa the KW-7 operator to 
Switch 20-P0-60 ae1ect one of three line modes 

of operation: 20 maor60ma 
neutral or polar. • 1 Sll 2-4 Toggle TDSTEP Allowa the KW-7 operator to 

Switch STEP-CO NT program the transmitter-dis-
tributer circuits for either 
continuous or atspping opera-
tion. 

Ca.rdE-AJV 
1A14 Sl 2-(j Toggle 2()-60 Allowa the KW-7 operator to 

Switch select the proper Loop output 
current. 

~~- - ~~· 
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PERMUTER PATCH CORDS 

... 

Figure 2-14.-Front View of KW-'1 (Patch Cord Cover Removed). 
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Figure 2-16.-Front View of Remote Controi Unit. 
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2200--ELECTRICAL CHARACTERISTICS 

2201. Electrical Power Requirements.-The KW-7 operates with either of three voltages 
as shown in table 2-7. Table 2-7 also gives the tolerance of operation. 

Voltages 

115 VAC 

230 VAC 

24 VDC 

TABLE 2-7 

ELECTRICAL POWER TOLERANCES 

Frequency Tolerance 

+10 percent, 
-15 percent (97.75 to 126.5 volts AC) 

50-400 cpe ±10percent 
+10 percent, 
-15 percent (195.50 to 253.0 volta AC) 

50-400 cpe ±10 percent 

-
c!!_to 81 vola DC . 

2202. Power Consumption.-When tbe KW-7 is first turned on, it momentarily placea a 
peak starting load of 300 watts on the power line. Following this initial surge. the equipment 
COIISUD1eS approximately 80 watu of power. 

2208. Input Signal Requirements. 

a. Information Signal.-The KW-7 is designed to operate with any standard teletypewriter 
device that provides or accepu information signals in the 7.0 or 7.42 baudot code at nomi­
nal speeds of 60, 67 or 100 words per minute. In normal operation, tbe 7.42 code is gen­
erated by teletypewriter devices (teletypewriter keyboard or flee-running transmitter-dis­
tributor) and the 7.0 code is generated by another KW-7 or a stepped transmitter-distrib­
utor. Table 2-8 defines the various inputs to the KW-7. 

b. Timing.- The only timing information contained in the input sigDals is the occurrence of 
the stop-start transitions. The baudot code units contain data only. 

TABLE 2--8 

KW-7 INPUT SIGNALS 

Type ot Input 
Input To 

Mark Space 

Loop-In-Circuit Approximately 80 No current 
microamperes 

Line-In-Circuit 20 or 60 milliamperes No current 
(Neutral Operation) 

Line-In-Circuit +20 or +SO milliamperes -20 or -so milliamperes 
(Polar Operation) 

2204. Output Signal Requirements.-The KW-7 is capable of generating 20 or 60 milli­
ampere signa]s for Delltral operation and +20 or +SO and -20 or -30 milliampere signals for 
polar operation. Table 2-9 describes the various outpuu from the KW-7. 
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TABLE 2-9 

KW-7 OUTPUT SIGNALS • 
Type of Output from KW-7 

Output To 
Mark Space 

Teletypewriter page printer 20or60 No current 
milliamperes 

Another KW -7 or teletypewriter 20 or 60 No current 
(Neutral) milliamperes 

Another KW-7 or teletypewriter +20or +30 -20or -30 
(Polar) milliamperes miDi"_l'llperes 

~~- --~- • 
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2300-MODIFICATION INSTRUCTIONS ISSUED BY NSA FOR TSEC/KW-7 

2301. lntroduction.-Table Z-10 below is provided to inform maintenance personnel of 
KW-7 modi:lication :instructioDs that have been fssusd by the National Security Agency. If 
the table is blank, it means that no equipment modifications have been promulgated thus far. 
As future modi:licatious (if any) are iaR1ed, information regarding them will be inserted in the 
Table by means of Amendments to this manual. 

Short Title 

I (KAB) 

~AI. 

TABLB ~-11 

LIST OJ' MODD'ICATIONS TO TBB KW-'1 

Lo:agTltle I . u. CBquipmeata Publleation Date Mected 
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CHAPTER 8 

EMPLOYMENT 

i 

I 
i . 
I 

3000-UNPACKING AND INSPECTION I 
I 

3001. Unpacldng.-Prior to unpacking the KW-7 equipment from the ~ cases, con­
sideration should be given to the work area location of the equipment, ac:ciessibility of equip­
ment for maintenance, convenience of operating personnel, illumination, andl the JlOl'DlAlfiow of 
traffic in the designated area. ! 

i 
c. Pa.clwging Data.-The following subparagraphs describe the pbysical ch.a.racteristics and the 

contents thereof for each of the three carrying cases. I 
I 

Figure 8-1.---Carrying Case. 

(1) KW-7 equipment ccrrying case (fig. 3-1).-The KW-7 equipment ~ case is of 
fiberglass construction with dimensions, volume and net weight as orlasented in Table 
8-1. Contents of the case are as follows: 
(a) One KW-7 Main Assembly 
(b) One Key Generator (KG) test adapter card 
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{c) One test extender card 
(d) One 115-volt AC power cable assembly {W2) 
te) One 230-volt AC power cable assembly (W1) 
(f) Two loop-input cable assemblies {W6) 
(g) Two loop-output cable assemblies (W7) 

<h) One transmitter-distributor cable assemb]y (W5) 
(i) One jumper plug (CP) for use with Loop-In connector 
(j) One jumper plug (CP) for use with Loop-Out connector 

KAM-143Bfl'SEC 

Ck) One PI'S connector for PTS cable assembly (fabrication by user) 
tl) One DC connector for DC power cable assembly (fabrication by user) 

TABLE 3-1 

KW-7 EQUIPMENT CARRYING CASE 

Height (in •. , Width (in.) Depth (in.) Volume (cu. ft.) Weight (lb.) 

21}4 20~ 22 5.5 Approx. 45 

t2) Remote unit carrying case (fig. 3-lA).-The Remote Control Unit carrying case is of 
aluminum construction with dimensions, volume and net weight 88 presented in Table 
3-lA. Contents of the case are as follows: 
Ia) One Remote Control Unit 
tb) One Remote Control Cable Assembly (W4) 
1c) One transmitter-distributor cable assembly {W5) 
td) Two loop-input cable aesemhlies {W6) 
(e) Two loop-output cable assemblies (W7) 

TABLE 3-lA 

REMOTE CONTROL UNIT CARRYING CASE 

Height (in.) Width (in.) Depth {in.) Volume (cu. ft.) 

15~ 26~ 20~ 3.6 
~--~ --- ---------

Weight {lb.) 

Approx. 40 

t3) KWQ-8/TSEC spare parts carrying case <fill. 8-lB).-The KWQ-8/TSEC spare parts 
carrying case is of steel construction with dimensions, volume and net weight 88 pre­
sented in Table 3-1B. Contents of the case are as follows: 
(a) One each of subassemblies Al through Al7 
<b) An assortment of replaceable parts 

TABLE 3-lB 

KWQ-8/l'SEC SPARE PARTS CARRYING CASE 

Height (m.) Width (in.) Depth (in.) Volume (cu. ft.) Weight (lb.) 

12~ 24~ 15* 2.5 Approx. 38 

b. Unpacking Procedures.-The following subparagraphs describe the procedures to be per­
formed when unpacking the carrying cases. 
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REPAIR AND 
MAINTENANCE 

MANUAL 
RECEPTACLE 

KG -EXTENDER 
CARD RECEPTACLE 

REMOVABLE 
PACKING 
FOAM 

CABLE 
RECEPTACLE 

KAM-143Bfl'SEC 

TOP PORTION 
OF 

CARRYING CASE 

REMOVABLE 
PACKING 

FOAM 

REMOVABLE 
~------COVER PLATE 

CAM -LOCK 
FASTENERS 

(4) 

BOTTOM PORTION 
OF 

CARRYING CASE 

OVER -CENTER 
HOLDDOWN CLAMPS 

Figure 3-2.-Diasssembly of KW-7 Carrying Case.. 
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11) KW-7 equipment carrying case (fig. 8-2). 
(a} Place the carrying case on a suitable work surface. 
cb) Using a screw driver, rotate the air relief valve to its extreme counterclockwise 

position. 
WARNING: THE CARRYING CASE IS SHIPPED IN AN AIRTIGHT 

CONDITION AND REQUIRES PRESSURE EQUALIZA­
TION PRIOR TO BEING OPENED. PERSONNEL MAY 
BE SERIOUSLY INJURED IF THE AIR RELIEF VALVE 
IS NOT FIRST OPENED. 

1 c) Unlock the eight over-center hold-down clamps and remove top portion ol the 
case. 

!d) Remove the KW-7 from the bottom portion of the case, and then remove the foil 
wrapping from the unit. 

(e) Remove the cable assemblies found in the cutout located in the bottom portion of 
the case. 

(fl To obtain access to the KG Test Adapter and Extender cards, unlock the four 
cam-lock fasteners which secure the metal cover plate to the top portion of the 
case. 

12) Remote control unit carrying case. 
(a) Place the carrying case on a suitable working surface. 
(b) Using a screw driver, rotate the air relief valve, located on the front of the case, 

to its extreme counterclockwise position. 
WARNING: THE CARRYING CASE IS SHIPPED IN AN AIRTIGHT 

CONDITION AND REQUIRES PRESSURE EQUALIZA­
TION PRIOR TO BEING OPENED. PERSONNEL MAY 
BE SERIOUSLY INJURED IF THE AIR RELIEF VALVE 
IS NOT FIRST OPENED. 

cc) Unlock the eight over-center hold-down clamps and remove the top portion of the 
case. 

(d) Unfasten the retaining straps and remove the Remote Control Unit and cable 
assemblies. 

3002. Inspection Procedure and Damage Report--Carefully inspect the equipment to see 
if it was damaged in shipment. H damage is apparent, it shall be reported in accordance with 
those instructions issued by the Department or Agency having custody of the equipment. 

Not/!: Navy holders shall report cases of damage in accordance with regulations prescribed 
by the Bureau of Ships. 
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3180-INSTALLATION 

3101. Special Tools and Test Equipment Required.-The KW-7 requires no special tools 
to perform installation or maintenance. Table 8-2 defines the test equipment needed to per­
form both iDstallation and maintenance. 

TABLE 3-2 

TEST EQUIPMENT REQUIRED FOR INSTALLATION 
AND/OR MAINTENANCE 

Test Equipment Required For SuppHed 

KG Test Adapter Card Maintenance WithKW-7 

Extender Card Maintenance WithKW-7 

Multimeter, Trip]ett 630 Installation and By User 
or equivalent Maintenance 

Oscilloscope, Tektronix Installation and By User 
535 or equivalent Maintenance 

Electronic Counter, Hewlett- Installation and By User 
Packard 525D or equivalent Maintenance 

Power Supp]y Extender Maintenance With spare parts kit 
Cable (W20) 
~----···-- --- -----

3102. Locating the KW~7. 

a. Secu.rit,y Restrictions.-The KW-7 equipment must be installed in an area which has been 
approved for the installation of equipment& having the classi1lcation of"CONFIDENTIAL­
CRYPTO". Uncleared personnel shall not have free access to the equipment. 

b. Environmental Conditions.-Table 3-3 defines the environmental conditions under which the 
KW-7 will satisfactorily operate. 

TABLE~ 

KW-7 EQUIPMENT ENVIRONMENTAL CONDITIONS 

Environmental Minimum Maximum 
Condition Value Value 

Altitude Sea level 50,000 feet 

Humidity zero percent 95 percent 

Ambient Temperature -40°C ( -40°F) 50°0 (122°F) 
----- --

3103. Preparation for Installation.-Prior to performing any installation procedures, it 
may be desirable to make the following checks. 

a. Continuity Tests.-Using a multimeter, check for continuity in the interconnecting cables. 

b. liUBe Check.-Remove the four fuses, located on the rear of the KW-7 and check the value 
·of each. Check each fuse for signs of damage, replace those which appear to be damaged • 
Table 3-4 deftDes the mdividual fuse ratingS. 
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~PLUG l!lJT1"CW(7) 

.>1---RAIL. MOUNT 
tMT-2471 

F:igure 3-4.-Rall Mount Installation. 
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TABLE 3-4 

FUSE RATINGS 

Panel Marking Rating (amp) I 
I 

-24VDC 5 ! 

+24VDC 5 

115/230 VAC 2 

115/230 VAC 2 

3104. Installation Procedures.-The KW-7 is designed for several types of installations; 
bench mount, rail mount, vibration mount, fixed slide mount, fixed rack mount and pivotal 
slide mount. The pivotal slide mount allows the KW-7 to be pivoted 90 degrees up or 45 de­
grees down when the slide is fully extended, thus providing ease of maintenance. The follow-
ing procedures describe the steps required for each installation. · 

a. Bench Mount (fig. 3-3).-The only requirement to bench mount the KW-7 is the assurance 
of adequate space for maintenance and operation. 

b. Rail Mount (MT-297 Vehicular Mount) (fig. 3-4).-The KW-7 equipment is adaptable for 
rail mounting in aircraft and small vehicles. The following steps describe the procedure to 
rail mount the KW-7 equipment: 
r1) Remove the indicate 8 mating hole screws and seven plug buttons and store them. in a 

suitable receptacle to prevent loss. . 
•2) Align the two rail fixtures so that the front locking bars face the front of the KW-7 

equipment. 
(3) Install and tighten 12 :flathead screws to secure the rail fixtures to the bottom plate of 

theKW-7. 
14) With the two locking levers fully seated in the left-hand position, place the KW-7 on 

the mount so that the rail fixtures are positioned in the retainer recesses. 
i5) Pull the two locking levers 90 degrees to the right. This locks the KW-7 to the rail 

mount. 
Note: To remove the KW-7 equipment from the rail mount, reverse the installation 

procedure. 

c. Vi6ration Mount (jig. 8-5).-The KW-7 is adaptable for vibration mounting in aircraft, 
ships, and large vehicles. The following steps descn'be the procedure to perform vibration 
mounting: 
(1) Rotate the three hold-down clamp butter:fly nuts counterclockwise until the three hold­

down clarnp bars can be rotated 90 degrees to the left. 
f2) Slide the KW-7 equipment onto the vibration mount until the two mating holes lo­

cated on the lower rear of the KW-7 are seated against the two guide pins located in 
the rear of the vibration mount. 

f3) Rotate the three hold-down clamp bars 90 degrees to the right and tighten the three 
butter:fly nuts until the three hold-down clamps are seated firmly against the three pro­
trusions on the front of the KW-7 equipment chassis. 

Note: To remove the KW-7 from the vibration mount, reverse the installation pro­
cedure. 

d. Fixed Slide Mount (jig. 8--6).-The KW-7 equipment is adaptable for slide mounting on 
standard 19-inch racks in fixed installations or in large mobile installations. The following 
steps describe the procedure to perform slide mounting: 
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Figure 3-8.-Fixed. Slide Mount Installation. • 68 CeNFfB:BN"t'fAil ORIGINAL 
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MOUNT 

' 0 1_, 
PANHEAD stREW{lll / ~&::::._ PANHEAO SCREW {3) 

Figure 3-7.-Fb:ed Mount Installation. 
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HOLE LEGENO 

LTR SIZE QTY 

A 10-32 UNF-28 4 

B 13/32 DIA 6 

c SEE DETAIL C 4 
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016101Al"'''l..,.,._ s2• TO o-:289'~-··· 8 
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Figure 3-9.-Modiftcation of Standard 19-Inch Rack. 
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11) Remove the indicated 3 mating hole screws and 2 plug buttons from the bottom plate 
of the KW-7 and store them in a suitable receptacle to prevent loss. 

C2) Extend the sliding plate to im full length and lower the KW-7 onto the mounting plate 
taking care to align the 8Cl'eW holes in the mount with the KW-7 mounting plate holes. 

C3) Insert and tighten the 6 panhead screws provided with the slide mount and determine 
that the KW-7 equipment is securely fastened to the sliding plate. 

14} Return the slide to im normal position. 
Note: To remove the KW-7 from the slide mount, reverse the installation procedure. 

e. Fixed Mount (fig. 8-7).-The KW-7 is adaptable for :fixed mounting on standard 19-inch 
racks in :fixed installations or in large mobile installations. The following steps describe 
the procedure to perform fixed rack mounting. 
(1) Remove the indicated 3 mating hole screws and 2 plug buttons from the bottom plate 

of the KW -7 and store them in a suitable receptacle to prevent loss. 
(2~ Fasten the fixed mount in a standard 19-inch rack and place the KW-7 on the :fixed 

mount. Carefully align the screw holes in the bottom of the fixed mount with the 
KW-7 bottom plate mating holes. 

13) Insert and tighten the 6 panhead screws provided with the :fixed mount and determine 
that the KW-7 is secure]y fastened to the :fixed rack mount. 

Note: To remove the KW-7 from the :fixed mount, reverse the installation procedure. 

f. Piootal Slide Mount, Rack 7)pe Mounting (fig. 8-8).-Installation of the KW-7 on the rack 
type mounting of the pivotal slide mount is accomplished in three phases: modification of 
a standard 19-inch rack to accommodate the mount, assembly and installation of the mount 
and, :finally, installation of the KW-7 on the mount. 
(1) Rack modi(ication (fig. 8-9).-The standard 19-inch rack is modified in the following 

manner: 
(a) Drill and tap four holes (hole legend A) in the front side of the rack's channels. 

Observe spacing shown in the "front hole pattern". 
Cb) Drill holes per detail C hole pattern (hole legend D and E) at four places in the 

front side of the rack's channels. Observe spacing shown in the ''front hole pat­
tern" and detail c. 

lc) Drill six holes (hole legend B) in the rear side of the rack's channels. Observe 
spacing shown in the "rear hole pattern". 

C d) Install the four pin alignment plates inside tbe channels at the C locations and 
secure each to the front side of the rack with two :flathead screws, :Bat washers, 
lock washers and num. 

12) Mount assembly and inatlzllation.-The mount consism of three assemblies: the housing, 
the connector plate and the drawer. The assembly of the housing and installation of 
the three assemblies is as follows: 
fa) Housing assembly (fig. 8-10). 

1. Secure the bottom plate to the right-hand side and the left-hand side at eight 
places with a fiathead screw, :flat washer, lock washer, and nut. 

2. Position one support bracket and shim on each housing side, and secure them 
at four places each' with a panhead screw, :flat washer, lock washer and nut. 

cb) Housing installation (jig. 8-8). 
1. Position the housing on the rear side of the rack. 
2. Align the holes in the front of the housing's sides with the six B holes (see fig. 

8-9) and secure the housing at six places with a hex-head screw, :flat washer, 
lock washer and nut. 
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Figure 3-10.-Housing Aaembly, Rack Installation • 

{c) Connector plate inalollation (jig. 3-8).-Position the CODD8Cf:or plate on the rear of 
the housing and secure it with six panhead screws, fiat washers, lock washers and 
nuts. 

(d) Drawer installation (jig. 3-8). 
1. Trip the release lever on both slides and remove the slide assemblies from the 

drawer. 
2. Fully extend the slides and align the mounting holes in each with the six cor­

responding holes in each housing side. 
3. Secure each slide to the housing at six places with a flathead screw. :ftat washer, 

lock washer and nut. 
4. IDsert the drawer in the slides; check that the release levers are in the locked 

position. 
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tel Cable installation (jigs. 3-8 and 3-11).-TweJ.ve special purpose cables are included 
for the purpose of allowing the KW-7, after the mounting, to be fully extended and 
pivoted without exerting stress on the system interconnecting cables. 
1. Install the slide mount cables as foJlowa: 

Cable Cable To Connector Plate 
Connector Connector 

W17 W17P2/5J7 J7 

Wl6 W16P2/5J8 JS 

W15 W15P2/5J9 J9 

W14 Wl4P2/5Jl0 JlO 
W13 W13P2/5J3 J3 

W12 Wl2P2/5J4 J4 

Wll W11P2/5J5 J5 

WlO W10P2/5J6 J6 

W9 W9P1/5J1 Jl 
WB W8Pl/5J2 J2 

I 

W18 W18Pl/5J11 Jll 

Wl9 W19/5El······ _ El J --··-

2. Place cable W18 under retaiJrlDg strap A, and secure the strap with a flathead 
screw, :flat washer, lock washer and cap nut at two places. 

3. Place all remaining cables under retaining strap B, and secure the strap with 
a :flathead screw, :flat washer, lock washer and cap nut at two places. 

13) KW-7 Installation on mount (fig. 3-8). 
fa) Turn the three thumb-screws to the extreme counterclockwise position. Turn the 

clamps to the side. 
lbl Slide tr.e KW-7 between the ran guides until the guide pins located at the rear of 

the unit are fully seated in the receptacles provided at the rear of the unit. 
1c1 Position the three clamps upright and secure them in place by turning the three 

thumb-screws clockwise until tight. 
I d 1 Pull the slide mount forward and install the mount cables as follows: 

Cable Cable ToKW-7 
Connector Connector 

W17 (Loop In 1) W17Pl/1Al7J4 1A17J4 

W16 (Loop In 2) Wl6Pl/1A17J3 1A17J3 

W15 (DC Power) W15Pl/1Al7J2 1Al7J2 

W14 (AC Power) W14Pl/1Al7Jl 1A17Jl 

Wl3 (Loop Out 2) W13Pl/1A17J8 1Al7J8 

Wl2 (Loop Out 1) Wl2Pl/1A17J7 1Al7J7 

Wll CPTS) Wl1Pl/1Al7J6 1Al7J6 
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Cable Cable ToKW-7 
Connector Connector 

WlO (TD Step) W10Pl/1Al7J5 1A17J5 

W9 (Line Out) 1A17E4, 1A17E5, 1A17E6 

ws (Line In) 1A17El, 1A17E2 

W18 ~ote) W18Pl/1Jl 1Jl 

Wl9 (Ground) W19LJA17E3 -- 1Al7E3 
~- ---------------~ 

(e) Pull forward on the knurled knobs and pivot the drawer up and down. Return 
the drawer to the horizontal position and run the slide forward and back; there 
should be no binding • 

(f) Secure the slide in the closed position by means of the four retaining screws lo­
cated on the front of the drawer. 

(g) Connect the system interconnecting cables to the slide mount to set up the desired 
form of operation. (In the event that on1y one loop-input and/or one loop-output 
circuit is connected, install the jumper plugs, supplied with the KW -7 equipment, 
in the unused slide mount loop circuit CODDeCtors.) 

g. Piootol Slids Mount, Skelf 7YPe Mounting (fig. 3-11}.-Installation of the KW-7 on the 
shelf type mounting of the pivotal slide is accomplished by assembling the mount and then 
securing the unit to the mount. 

c;~---
1(11-LOCK....cR ..,_,..._ 
Ja_STRAPCRI!I"J 
~MQI.alltiW7) 
a--................ 

lT"rJJCCI.4llll..loCIUa 

.... ........ JiliiiNHUDIICREW"'l 

Figure 3-U.-Pivotal Sllde Mount, Shelf Type Mounting. 
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fl) Mount assembly.-Th.e mount consists of three assemblies: the housing, the connector 
plate and tbe drawer. The assembly of the housing and the installation of the three 
assemblies to form the mount is as follows: 
(a) Housing assembly (fig. 8-12). 

1. Secure the bottom. plate to the right-hand side and the left-hand side at 12 
places with a :flatbead screw, :flat washer, lock wasber and nut. 

2. Position one support bracket and shim on each housing side, and secure them 
at four places each with a panhead screw, :flat washer, lock washer and nut. 

8. Secure each of the four pin alignment plates to the housing at the indicated 
pointe with two 11athead screws, 11at washers, lockwasbers and nuts. 

Cbl Housing installation.-Secure the housing to the applicable mounting surface by 
means of attaching parte inserted through the six available holes in the bottom 
plate of the housing. 

ICJ Connector plate installation (fig. 8-11).-Position the connector plate on the rear of 
the housing and secure it with six panbead screws, 11at washers, lock washers and 
nuts. 

rd) Drawer installation (jig. 8-11). 
1. Trip the release lever on both slides and remove the slide assemblies from the 

drawer. 
2. Fully extend the slides and align the mounting holes in each with the six cor­

responding holes in each housing side. 
8. Secure each slide to the housing at six placee with a 11athead screw, ftat washer, 

lock washer and nut. 
4. Insert the drawer's slides into the slide members secured to the housing; check 

that the release levers are in the locked position. 
I e) Cable installation.-Installation procedures for the slide mount cablea are the same 

as for rack type mounting (refer to paragraph 3104f(2)(e)). 
f2) KW-7 l'IUJI4llation on mount (jig. 3-11).-The procedures for installing the KW-7 on the 

shelf type mounting are the same as for the rack type mounting (refer to paragraph 
3104/(3)). 

3101. System Interconnecting Wiring Procedures.-The necessary in.for.mation for con­
necting the KW-7 in several types of operation is provided in the following tables. Table 3-5 
lists the cablea in general terms and table 3-6 lists the cabling connections required for a parti­
cular installation. The cables are identified by band markers connected adjacent to the plugs. 
The first part of the identification is the cable designator; the second part after the slash is the 
connector to which it can be mated. For instance, cable Wl is for the 230 V AC power input. 
One end of the cable is designated W1Plj1Al7Jl. This connects to 1A17Jl in the KW-7 :filter 
unit. The other end is labled W1P2{230VAC. This connects to the 230VAC power source. 
Sometimes a cable can be connected to more than one equipment, (ie. on the KW-7 or the Re­
mote Control Unit). In this case, the band marker will list both connectors to which this cable 
may be connected. The type of operation used will determine the equipment to which this cable 
is connected. Table 8-6 pertains to system connections for using the KW-7 in plain synchro­
onous and cipher modes only. For plain asynchronous mode operation, substitute a teletype­
writer for a KW-7 as shown in figure 3-19. Note this configuration is applicable to two-wire 
neutral operation only. The other types of operation may be likewise converted to plain 
asynchronous mode use by replacing a KW-7 with a teletypewriter. In such instances, the 
KW-7 line-out circuit must terminate at the page-printer terminals, while the KW-7 line-in 
circuit must terminate at the keyboard termina1s. Connections for the additional circuit util­
ized in four-wire systems are to be made in the standard manner for the teletypewriter equip­
ment in use. 
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Note: In all cable connections, insure a good ground connection between the units by secur­
ing the ground lead on each cable connector to an adjacent screw on the teletypewriter 
equipment. 

LOa< WOSHERI4l SICE(R£Fl 

'/~{11~ ~~ 
'-.... SCREWI4J ~~/PANHEAD 
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·~ 
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G •• 
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NU..--' 
0 ~ 

~ 
~~"- NUT!2l 

/~~:LDCK WASHER(2) 

~ FLAT WASt£ll 
SI)EI N (21 REF) AUGIIMENT 

FLATHEAD BlOCK 
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~
LOCK 
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SIDEIREFI 

PLA~ 
llYPICAL 12 PLACES! 

Figure 3-12,-Howdng Assembly, Shelf Installation, 
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TABLE 81 

KW-7 CABLE BEQUIBBMBNTS • 
Cable Name Reference Connector To Designator ldentlfkladon 

230VAC Wl WlP1/lA17Jl KW-7 

WlP2/280VAC Primary 280 VAC Power Source 

115 VAC W2 W2Pl/1Al7Jl KW-7 

W2P2/116 VAC Primary 116 VAC Power Source 

Two-WU"e Loop W3 W3Pl/1Al7J7 KW-7 
Adapter (Loop-
Out Operation) WSP2/8J3 Two-Wire Loop Adapter • Two-Wire Loop W3 W8Pl/SJ1 Two-WD'8 Loop Adapter 
Adapter (Loop-
In Operation) WSP2/1Al7JS KW-7 

Remote W4 W4Pl/1Jl KW-7 

W4P2/2Jl Remote Control Unit 

W4P2/4Jl FunctioDBl Remote Control Unit 

TO Step W5 W5Pl/1A17J5 KW-7 

W5Pl/2J7 Remote Control Unit 

W5Pl/4J2 FunctioDBl Remote Control Unit • TI'Y TD Step Step 'I'rlmsml.tter Distributor 

Loop Input W6 W6Pl/lA17J3 KW-7 
!One Loop-In 
Operation) W6Pl/2J3 Remote Control Unit 

'ITY Output Teletypewriter Keyboard 

Loop Input W6 W6Pl/1Al7J4 KW-7 
!Two Loop-In 
Operation) W6Pl/2J4 Remote Control Unit 

'ITY Output Teletypewriter Keyboud 

Loop Output W7 W7Pl/1A17J7 KW-7 
cOne Loop-Out • Operation) W7Plf2J6 Remote Control Unit 

'ITY Input Teletypewriter Page Printer 

Loop Output W'l W7Pl/1A17J8 KW-7 
fTwo Loop-Out 
Operation) W7Pl/2J6 Remote Control UDit 

'ITY Input Teletypewriter Page PriDter 

Pivotal Slide 
Mount Cables: 
Line In wa W8Pl/5J2 Slide Mount 
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• TABLE 1-1 (Contbwed) 

Cable Name Reference Connector To 
Deeipator IdentiftuatloD 

Line Out W9 W9Pl/ISJ1 Slide Mount 

KW-7 

TDStep WlO WlOP2/5J6 Slide Mount 

Wl0Pl/W.7J5 KW-7 

PTS (opti0Jl81) Wll WllP2/IiJ6 Slide Mount 

Wl1Pl/1Al7J6 KW-7 

·-· - Loop Out -1 Wl2 W12P2/5J4 Slide Mount 

W12Plf1Al7J7 KW-7 

LoopOut-2 Wl8 Wl8P2!5J8 Slide Mount 

W18Pl/lA17JS KW-7 

ACPower Wl4 Wl4P2/5Jl0 Slide Mount 

Wl4Pl/lA17Jl KW-7 

DC Power Wl15 Wl5P2/5J9 Slide Mount 

Wl5Pl/1A17J2 KW-7 

Loop In -1 W16 W16P215J8 Slide Mount 

~· W16Pl/lA17J8 KW-7 

Loop In -2 Wl7 W17P2/6J7 Slide Mount 

W17Pl/1A17J4 KW-7 

Remote W18 Wl8P2/5Jl1 Slide Mount 

Wl8Pl/1Jl KW-7 

Ground W19 W19/5E1 Slide Mount 

Wl9/1A17E8 KW-7 

DC Power 0011118Cf;or furniabed; cable to be 
fabricated by U1181' • 

• TABLB 8-6 

KW-7 CABLE AND WIRING CONNECTIONS 

Tnteof Cable Wire Connector To Fig. Couunenta Connection No. 

Primary Power 
Sources 
116VAC W2 W2Pl/1Al7Jl KW-7, COIIDIICf;or 3-18 None 

Al7Jl thru 
8-19 

W2P2/115VAC Primary Power 8-13 None 

e Source thru 
8-19 

·- -----------
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TABLE 1H1 (Continued) • Type of 
Cable Wire Connector To 

Fig. 
Comment& Connection No. 

230VAC Wl WlPlllA1'7Jl "KW-'7, Conuector 8-13 None 
A17Jl tbru 

8-19 

WlP2/230VAC Primary Power 8-18 NoDe 
Source tbru 

8-19 

24VDC "KW-7, Connector 8-18 Noue 
A17J2 (positive tbru 
lead to pin A, 8-19 
negative lead to pin 
c and grmmd lead 
to pin B; cable to be • fabricated by user) 

I..oop Modes of 
Operation 
Loop Input W6 W6Pl/1A17J8 "KW-'7, Connector 8-18 If only one Loop-

Al7J8 tbru In co.aneator ia 1l8eCl 
8-19 it will be~ 

to insert the jumper 
plug in Loop-In 
Connector A17J4. 

TTY OUTPUT Teletypewriter 3-18 None 
keyboerd tbru 

3-19 

Loop Output V\''1 W'1Pl/1A17J'1 "KW-7, Connector 3-13 If only ODe Loop· • A17J'1 tbru Out connector ia 
8-19 used it will be 

DeC8III!81'Y to in· 
llllrt the jumper plug 
in Loop-Out COD• 

nectar A1'7J8. 

TTY INPUT Teletypewriter 8-18 None 
Page Printer tbru 

3-19 

TD Step W5 W5P1/1A1'7J5 KW-'7, CoDDector Stepping clutch 
A17J5 magnet con. 

'l'TY TD 8l'EP Tranemitter None 
Distributor • Remote Control W4 W4Pl/1Jl KW -'7, Connector 8-14 Noue 
Jl 

W4P2/2J1 Remote Control 8-14 Noue 
Unit, Connector J1 

Remote Control W6 W6Pl/2J4 Remote Control 8-14 If only one Loop. 
Unit Loop Input Unit, Connector J4 In co.aneator ;. 

used it will be 
DeClelllllry to hlaert 
the jumper plug in 
Loop-In connector 
J8. 

TTY OUTPUT Teletypewriter 8-14 None 
keyboard • 80 C'»Wm~ ORIGINAL 
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• TABLB 8-6 (Continued) 

Type of 
Cable Wire Connector To l'ic· Comments Connection No. 

Remote Control W7 W7P1/2J6 Remote Control 8-14 If cmly OD8 Loop-
Unit Loop umt, Cmmector JIS Out cODJI8Ctor Is 
Output uaeditwDI be 

-,tom-
aert the jumper 
plug in Loop Out 
COJ1DIICtor J6. 

TTY INPUT Teletypewriter 8-14 Ncme 
Pap Printer 

• Remote Control W6 W6Pl/2J3 Remote Control 3-14 Noue 
UllitTD UDit, Cmmector J3. 

TTY OUTPUT ~ 8-14 Ncme 
Distributer 

Two-Wire Loop W3 W3P1/1A17J7 KW'-7, CODDeCtor 8-16 The jumper plug 
Adapter UDit A17J7 mtlllt be iDBerted 
Loop Output in Loop Out COD-

DeCtor A17J8. 

W3P2{3JS Two-Wire Loop 8-16 Noue 
Adapter CODIIIIC-
tcrJS 

Two-Wire Loop wa W3P1/3Jl Two-Wire Loop 3-18 Ncme 
Adapter Unit Adapter CODII8C-
Loop Input torJS • 

W8P2/1A17J8 KW-7, COJID8Ctor 8-18 The jumper plug 
A17JS JllU8t be iDHrted 

in Loop Out COD-
Deeter A17J4. 

Two-Wire Loop X Two-Whe ODe aide of 7K 8-18 NODe 
Adapter UDit, Loop Adapter potentiometer 2. 
Two-Wire Loop UDit COJmector 

J2, pin c 
X Teletypewriter The other aide of 8-18 Ncme 

keyboard the 6K potautiom-
eter, through a 
lK6W reaiatcr • X Two-Wire Negative aide of 8-18 NODe 

Loop Adapter the DC voltage 
Ullit, COJmector Source 
J2, pinB 

X Page Printer In- POIIitive aide of 8-18 Ncme 
put DC voltage 

aoume 

Functicmal W4 W4P1/1Jl KW -7, COIID8Ctcr 3-18 Ncme 
Remote Control Jl 
Unit 

W4P2/4Jl FUDCticma1 B.&- 8-18 None 
mote Ccmtrol UDit, 
CmmectorJl • 
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TABLE 8-e (Continued) • Type of 
Cable Wire Connector To Fig. Comm.en&s Connection No. 

-
W5 W6Pl/4J2 FunctioDal Remote 3-18 None 

Contl'ol Unit, 
COIJIUietor J2 

Tl'YTD Step Tranamitter 3-18 None 
STEP Dfstn"butor 

Line Modes of 
Operation 
Two-Wire X A1 '1E5, located A17E1, located on 8-18 None 
Neutral on Station A StationB 

X A17A1,loca.ted Positive terminal 8-18 None • on Station A of 120 VDC line 
battery 

X A17E5,loca.ted Through 7K poten- 3-18 None 
onStationB tiometer to negative 

terminal of 120 
VDC line battery. 

X Al7E2to 8-18 This jumper wire is 
Al7E4, located only used for Two-
on both KW-7'a Wire Neatral 

Operation. 

X A17ES, loca.ted Earth Ground 8-18 None 
onbothKW-
7's. • 

Two-Wire Polar X Al7E2, located Common point of 8-15 None 
on Station A. DC voltage eoarce 1 

aDd 2, which is con-
nected to eerth 
ground. 

X A17E1, located One Bide of a 7K, 25 8-15 None 
on Station A. watt potentiometer 

1. 

X A17E4, located Positive Bide of DC 8-15 None 
on Station A. voltage source 1. 

X A1'1E5 located, One Bide of 7K, 3-15 None • on Station A. 25 watt potantio-
mater 2. 

X A17E6, located Negative Bids of DC 3-15 None 
on Station A. voltage source 2. 

X A17ES,located Earth Ground 8-15 Nona 
on both 
KW-7'e. 

X A17E2, located Common point of 3-15 None 
on Station B. DC voltage source 

3 aDd 4, which is 
connected to earth 
ground. • 82 C:<»MBBN'i'IA'L ORIGINAL 
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• TABLB IHI (Continued) 

Type of Cable Wire Connector To 
Fll(. 

CoiiUD8Dt8 Connection No. 

X A17E4, located Poeitive aide of DC 3-15 NOJ>e 
on Station B. voltap aomce S. 

X A17E5,located Other aide of 7K, 8-15 None 
on Station B. 25 watt potentia.. 

meter 1. 

X Al7E6, located Negative aide of DC 8-15 None 
on Station B. voltage source 4. 

X A17E1, located Other aide of 7K, 3-15 None 
on the receiving 25 watt potentia. 
KW-7. meter 2. • Four-Wire X Al7E1,located Poeitive aide of DC 8-16 None 

Neatral on Station A. voltage source 2. 

X Al7E2, located A1'1E4, located on 3-16 Ncme 
on Station A. Station B. 

X A17ES, located Earth Ground. 8-16 Ncme 
on Station A. 

X A17E5, located Negative aide of DC 3-16 
on Station A. voltage source 1. 

X A17E4, located E2, located on 3-16 None 
on Station A. Station B . 

X A17E1, located Through 7K, 25 8-16 None • on Station B. watt potentiometer 
1 to positive aide of 
DC voltage source 1. 

X Al7E8,located Earth Ground. 8-16 None 
on Station B. 

X A17E5, located Through 7K, 25 8-16 None 
on Station B. watt potautiometer 

2 to negative aide 
of the DC voltage 
aow:ce 2. 

Four-W"~re Polar X A17E1, located One aide of 7K, 8-17 None 
on Station A. 25 watt pCJI;enti-

ometar 1. • X Al7E2, located Common polnt for 8-17 None 
on Station A. DC voltage source 

3 aDd 4, which ia 
COJmeUted to earth 
groand. 

X A17E2, located Common polnt for 8-17 None 
on Station A. DC voltage source 

1 aDd 2, which ia 
COJmeUted to earth 
grOUDd. 

e X A17E4, located Positive aide of DC 8-17 None 
on Station A. voltage source 2. 

~ ORIGINAL 83 



CID: 3559654 
rtrt...._T'D'I'T\o'D1tL,.,..,1[_.fo. T KAM-143B{.l'SEC 

TABLE 8_. (Continued) 

Type of Cable Wire Colmeotor To Ji'lc. Commeu.tll Connection No. 

X Al7E6, located One side of 7K, 3-17 Ncme 
on Station A. 26 watt potenti-

ometer 2. 

X A17E6, located Negative side of DC 8-17 Nona 
on Station A. voltage source 1. 

X A17E1, located The other side of 3-17 None 
on Station B. potentiometer 2. 

X Al7E2, located COJDJD.on point of 3-17 Nona 
on Station B. DC voltage source 

1 and 2. 

X A17E3, located Common point of 3-17 None 
on Station B. DC voltage source 

3 and 4. 

X A17E4 located Positive side of 3-17 None 
on Station B DC voltage eource 4. 

X Al7E6 located The other side of 3-17 None 
onStationB potentiometer 1. 

X A17E6located Negative side of 8-17 None 
on Station B. DC voltage source 3. 

A~. Timing 
Source 

AUX.lOOKC KW-7 AuL Positive side of 
INPUT lOOKC input lOOKC signal 

connector aource. 
1J2(TIP). 

KW-7 Aux. Negative aide of 
lOOKCinput lOOKC signal 
connector source. 
1J2 (Ring) 

-· ~-- - --~ -- -~~-

3106. Teletypewriter Connections.-Table 3-7 lists several types of teletypewriter equip­
ment& that may be used with the KW-7. Sometimes connections are given for Loop-In 1 and 
2 and also Loop-Out 1 and 2. If only one Loop-In or one Loop-Out is desired, use the jumper 
plug in the unused KW -7 Loop circuit jack. The technical manuale are also listed for several 
teletYP6Writer equipment&. Special information such as bypassing filters in the Loop-In circuit 
etc. is included in the ''Type Teletypewriter" column of Table 8-7. 
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Type 

Teletypewriter 

AN/FGC-25, 25X, 26,57 
(TMU-2246) C'ro 31W4-
2FGC25-1) (BYJ)III!B Filters ~2 
andZ3) 

AN/GGC-3, Tl'-76 (Bypass 
Filters Z3 and Z4) 

AN/GG-C, Tl'-76-A (Byp888 
Filters FLl and FL2) 

AN/FGC-20, 20X, 21, UGC-4, 
~.99,100,1008 (r!411-
2230) (BYJ)II8B Filter Z2) 

Model 15 (BypallB Filter 92222 
and condensor 93363) 

Model14 Reperforator 

AN(rG0-5, 54 crMll-2249-25) 
(BypallB Filters FLl and FL6) 

Tl'-47A, 48A, 69A, 70A (Model 
28) (NAVSHIPS 91713) (Ou 
TB751, hook green wire from pin 
9 to pin 6. Remove jumper 
between pins 6 and 7. Connect 
jumper between pins 8 and 9) 

AN/UGC6, 6 (Remove jumper 
between C8 and 09. Move slate 
wire from 07 to 09) 

AN(J.'GC-3 ('l'Mll-MO) 
cro 16-1-117) (Remove Filter 
''BB") 

• • 
TABLE 8-7 

TELE'I'YPEWlUTE LOOP CONNECTIONS 

• 
Loop In No.1 LoopinNo.ll Loop Out No. 1 

Pin A PinB Pin A PinB Pin A PinB 

Tenn .. A" Term'"B" Jumper Plug Term. "A" Term"B" 
Line No.1 Line No.1 Line No.2 Line No.2 

TB2 TB2 TB2 TB2 TB2 TB2 
Terml Term2 Terms Term? Term4 Term6 

TB1 TBl TB1 TBl TBl TBl 
Terml Term2 Term6 Term? Term4 Term6 

Term and Term azul. Jumper Plug Term and Term and 
Sw.Boz2 Sw.Boz5 Tum R10 Completely Sw.Box3 Sw. Boz4 

CCW and DC Switch 811 
to OFF. 

Term 32 Term34 Jumper Plug Term 41 Term42 

Terma1 Term32 

Term ""A" Term''B" Term'"A" T..m''B" Term. ''A'' Term ''B'' 
Linea Linea Line 1 Line1 Line4 Ll:ae4 

TB 751 TB751 Jumper Plug TB761 TB751 
Term? TermS Term& Term 10 

TermC5 Term015 Jumper Plug Term07 TermCS 

TBA TBA Jumper Plug TBA TBA 
Term 11 Term 12 

• 
Loop Out No. ll 

Pin A I PinB 

Jumper Plug 

Jumper Plug 

Jumper Plug 

JmnperPlug 

Jumper Plug 

Jumper Plug 

Term. "'A" \Term ''B" 
LiDe2 LiDe2 

Jumper Plug 

Jumper Plug 

Jumper Plug 
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TABLE 3-7 (Continued) 

Type LooplnNe.l Loop In No.2 Loop Out No. 1 Loop Out No. 2 

Teletypewriter Pin A PinB Pin A PJnB Pin A PinB Pin A l PlnB 

TT-4, (TMll-2234) (To 16- Term I Term2 Jumper Plug TermS Tenn4 Jumper Plug 
36TT-4-6) (Connect shorting bar 
from terminal 5 to terminal 6. 
Remove shorting bar between 
terminals 2 and 8. Set Switch 
S4 to "DC Line.") 

TT-26C and 27A (TMll-680) Term7 TermS TermS Term.4 Terml Term.2 Jumper Plug 
(To 16-1-117) 

Model19 TermS Tarm4 Jumpsr Plug Term2 Term6 JumpsrPlug 
(Strap Term 1 and 6. Also remove E603 E603 E603 E808 
internal battery f'l'om Model19.) 

TT-5/FG (TMll-2215) Term32 Term34 Jumper Plug Term41 Term42 Jumper Plug 
(To 16-36775-61) 

TT-7{FG (TMll-2216) Term2 Term5 Term5 Term 6 TermS Term4 Jumper Plug 
"C" Block "C" Block ''D" Block ''D" Block "C" Block ••c" Block 

• • • • t 



::ID: 3559654 

• 

• 

• 

• 

• 

Ge!B!"iBB!ftl:M; KAM-148B(I'S.EC 

3200-ADJUSTMENT, TESTING AND OPERATION 

3201. Adjustments. 

a. Jntroduction.-Before any adjustments are made or the power is turned on, the permuter 
cords must be llet up. To achieve cryptographic synchronization, both KW-7 permuter patch 
cord arrangements must be set the same. Arrange them as shown in table 8-8. Also the 
switches should be set as shown in table 3-9. 

WARNING: THE PATCH CORDS MUST NEVER BE SET AS SHOWN IN TABLE 
3-8 WHEN THE KW-7 IS CONNECTED TO THE LINE. 

TABLE 8-8 

PATCH CORD TEST ARRANGEMENT 

From Combiner To.Begister From CombJDer To Register 
BoamJack Card Terminal Board Jack Card Terminal 

--~ 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
18 
14 
16 
-- -

,_ 

Switch 

ALARM 

LINE INPUT 

Al 16 
A2 17 
A8 18 
A4 19 
A6 20 
A6 21 
B7 22 
B8 28 
B9 24 
B10 26 
Cll 26 
Cl2 27 
C18 28 
C14 29 
C15 80 
~ ----

TABLE 3-8 

PRELIMINARY SWITCH SETTINGS 

FJa.N~;». Position 

~ ON 

-~ 

2-4A 20 or 60 mllliamperee (to be deter-
mhled by the line) 

Loop Mode (Located on 2-4A Forward (60 :milliamperes) or rear 

C16 
D17 
DIS 
D19 
D20 
D21 
D22 
E28 
E24 
E25 
F26 
F27 
F28 
F29 
F80 

Ca:ni E-AJV) (20 milliamperes) (depends on loop-
out circuit) 

TD-BTEP 2--4.\ STEP OR CONT (depends on TD) 

LOOP INHmiT/ALLOW 2-41. ALLOW 

WPM SPEED SELECTOR 2-10 60, 67, or 100 (determined by tele-
typewriter speed) 

BREAK FUNCTION 2-10 ON 

115V/280V* 2-10 116V or 280V (depends on AC 
eource) 

PCR 2-14 PLAIN-SYNC 

ALARM TEST 2-14 OFF 

POWER 2-14 ON • 

• If 24 VDC is used, this switch is not connected in the cUcuit. 

---
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b. Preliminary Adjustrrumts. 
Cl) Power supply.-Remove the power supply top cover and, using a multim.eter, measure 

the voltages indicated in table 3-10 and make any adjustments neceasary to bring the 
voltages to the proper level. 

WARNING: EXERCISE CARE WHF..N MAKING THE MEASUREMENTS 
AND ADJUSTMENTS. lnGH VOLTAGES ARE PRESENT IN THE 
EQUIPMENT. 

Voltage 

+6V 

-6V 

-18V 
-24V 

-53V 

TABLE 3-10 

POWER SUPPLY OUTPUT VOLTAGE 
MEASUREMENTS/ADJUSTMENTS 

From To Voltage 
Test Point Test Point Adjustment 

J3 J2 (GND) +6V ADJ 

J4 J2 (GND) -6V ADJ 

J5 J2 (GND) -18V ADJ 

J6 J2 (GND) -24V ADJ 

J1 J2 (GND) -53V ADJ 

Adjust 
For 

+6V :::1::3% 

-6V :::1::8% 

-18V :::1::2% 

-24V :::1::3% 

-53V :::1::5% 

c 2l Loop-Out current. 
(a) Using the multimeter as an ammeter, place it in series between the spade lug on 

the end of one of the loop output leads from J7 and its corresponding terminal on the 
teletypewriter, leaving the other loop output lead connected to the teletypnriter. 

cb) Adjust teletypewriter loop-out current control (if one is used) to the maximum 
current position. 

ICl Adjust the LOOP OUTPUT ADJUST potenitometer (located at the top of the 
KW-·7) until a reading of either 20 or 60 milliamperes, as determined by the tele­
typewriter in use, is observed on the multimeter. 

13) Line In. 
ca) Using the multimeter as an ammeter, place the meter in series with terminal El 

Cline-in) and the line battery. 
cb) Adjust the 7K, 25 watt potentiometer, included in the line circuit, until the 

ammeter indicates a reading of either 20 or 60 milliamperes, as determined by the 
line. 

Note: If polar operation is employed, both sides of the line will have to be 
adjusted until the meter indicates a reading of +20 or +SO milliamperes 
on the mark eide snd -20 or -30 milliamperes on the space side. The 
reading will depend on the line current used. 

3202. Testing.-Prior to placing the KW-7 equipment in normal traffic operation, it will be 
necessary to determine that the functional units within the equipment are operating properly. 
This may be accomplished by performing various tests on the equipment in an oif-line condition. 
The tests which are required to determine the operational status of the equipment are divided 
into two categories: back-to-hack local and back-to-back remote operation. Both back-to­
hack tests simulate actual on-line conditions. In the event that local requirements dictate the use 
of the Functional Remote Control Unit and/or the Loop Adapter Unit, the back-to-hack testing 
should include steps to verify the operational status of the equipment. All personnel operating 
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the KW-7 equipment, either on-line or in a test phase, should familiarize themselves with and 
be guided by the affective edition of K.A0-83fl'SEC, the equipment operating manual. 

WARNING: THE TOP COVER, BOTI'OM COVER, AND PERMUTER PATCHCORD 
COVER MUST BE SECURELY FASTENED ON THE KW-7 WHEN IT 
IS BEING USED TO TRANSMIT OR RECEIVE CLASSIFIED TRAFFIC 

a. Loco/, Back-to-Bock Operotional Test.-The following paragraphs describe those tests required 
to determine the operational capability of the KW-7 when operaUld.locally. 
(1) Perform the wiring CODneCtions indicated in :figure 3-13. 
(2) Open the front cover on both equipments and check to be sure the permuting patch 

cords are connected as shown in table 3--8. 
(3) Set the switches as shown in table 8--9. Note several options are given in the .. position" 

colllDln. The particular setting will depend on local operating conditions . 
(4) Perform the steps indicated in table 3-11 and determine that the indicated response is 

normal. In the ~t that any action does not result in the normal response, it will be 
necessary to refer to Chapter 3 of KAM-144Bfl'SEC. 

TABLE 8-11 

LOCAL OPERATIONAL TEST 

Action Normal :Reepcmae 

Station A Operator Station B Operator Station A StatlonB 

1. Depress the SEND None. SEND SDd P&f indica- P&I indicator lamp 
pushbutton for five tor lamps come OJL. comes em. After com-
aeconda. After completion of pletion of phasing SDd 

phaafng SDd indicator indicator cycle, P&I 
cycle, P&I lamp goes lamp goes out. 
out. 

2. TraliSmit a test mea- None. Page printer prints mea- Page printer prints mea-
sage via the transmitter- sage. sage. 
distributor or keyboard. 

3. None. Depress the BREAK BREAK indicator lamp BREAK indicator lamp 
pushbutton for five SDd audible alarm come SDd audible alarm come 
seconds. on 8Dd transmissiou on. 

stops. 

4. None. Depress the BREAK None. BREAK indicator lamp 
RESTORE pushbutton. SDd aucb.'ble alarm go 

out. 

5. None. Depress the BEND P&I indicator lamp P&I iDdicator lamp 
pushbutton for five comes on SDd the comes on. After phasiug 
seconde. BREAK indicator lamp SDd indicator cycle has 

SDd indicator lamp go been completed, P&I 
out. After phasing and lamp goes out. 
indicator cycle has been 
completed, P&I lamp 
goes out. 

6. None. Transmit a teat mea- Pap printer prints mea- Pap printer prints mea-
sage via the transmit- eap. sage. 
tar-distributor or key-
board. 

7. Depress the BREAK None. BREAK indicator lamp BREAK indicator lamp 
pushbutton for five SDd audible alarm come SDd aucb."ble alarm come 
eeconds. on. on SDd traTV!nlission 

stops. 
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TABLE 3-11 (Continued) 

Action Normal Response 

Station A Operator Station B Operator Station A StationB 

8. Depress the BREAK None. BREAK indicator lamp Noue. 
RESTORE pushbutt-:m. goes out and audible 

alarm goes off. 

9. Depress the SEND None. P&I indicator lamp P&I iudicator lamp 
pushbutton for five comes on. After pbas- comes on and the 
seconds. iDg and fndfcator cycle BREAK indicator lamp 

baa been completed, and audible alarm go off. 
P&I lamp goes out. After phasing and indi-

cator cycle baa been 
completed, P&:I lamp 
goes out. 

··-· ·- -··-
10. Place PCR switch in Same as for Station A. None. None. 
CIPHER position. 

11. Rotate ALARM Same as for Station A. Observe oc:c:urrem:e of Same as for Station A. 
TEST switch through all indications listed in 
teet positions, pausing at Table 3-14 for each 
each for five ..econda. position. 

12. Repeat acUODS 1 Same as for Station A. Same. Same. 
through9. 

b. &mote Back-to-Back Operational Test.-The only significant difference between this test and 
the preceding local test is that now a Remote Control Unit is attached to the KW-7. This 
permits remote control of the KW-7 up to a distance of 500 feet. 
11) Perform the wiring connections indicated in figure 3-14. 
12) Open the front cover on both equipments and check to be sure the permuting patch 

cords are collllected as shown in table 3--8. Note several options are given in the "posi­
tion" colwnn. The particular setting used will be determined by the local operating 
conditions. 

18) Set the switches as shown in table 3-12. 

TABLE 3-12 

REMOTE OPERATION, SwrrcH SE'rl'INGS 

Switch Fig, No. Poaltion 

ALARM 2-4 ON 

LINE INPUT 2-4 20 or 60 milliamperes (to be deter-
mined by the line). 

Loop Mode (Card E-AJV) 2-4 Forward (60 milliamperes), or rear 
(20 milliamperes) (depends on loop-
out circuit). 

TD.sTEP 2-4 STEP or CONT (depends on TD). 

LOOP INHIBIT/ALLOW 2-4 ALLOW 

WPM SPEED SELECTOR 2-10 60, 67, or 100 (determined by tele-
typewriter speed). 

BREAK FUNCTION 2-10 ON 
------
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TABLE 8-12 (Continued) 

Switch PJg. No. Poaltlon 

115/280• 2-10 lliW or 230V (depeuds on AC 
-=e). 

PCR (STATION B) 2-14 REMOTE 

PCR (STATION A) 2-14 CIPHER 

ALARM TEST 2-14 OFF 

POWER 2-14 ON 

PC (Remote Control Unit) 2-16 CIPHER 

•If 24 VDC is UBed, tbis switch is not ~ in the clrcnit . 

(4) Perform the steps indicated in table 3-9 and determine that the indicated response is 
normal. In the event that any section does not result in the normal response, it will be 
necessary to refer to chapter 3 of KAM-144Bfl'SEC. 

TABLE 3-18 

REMOTE OPERATIONAL TBST 

Action Normal Beapcmse 

Station A Operator Station B Operator Station A Operator Station B Operator 

1. None. Depraa Remote Con- Station A P&I indicator Remote Control Unit B 
trol Unit B SEND push- lamp comes on. After and KW-7 Station B 
button for five BeCODds. completion of phasing SEND and P&I indica-

and indicator cycle. tor lampe come on. 
Station A P&I iDdicator After completion of the 
lamp will so off. phasing and indicator 

cycle. Remote Control 
Unit B and KW-7 Sta-
tfon B P&I iDdicator 
lamps will so oft'. 

2. N<me. 'l'raDsmit a test mea- Paso Priutar prints mas- Pase Printer prints mea-
sage from the transmit- sage. sage. 
ter-distn"butor or key-
board. 

3. Depress BREAK NOlle. Station A BREAK: indi- Remote Control Unit B 
pushbutton for 5 seconds. cator and aum"ble alarms and KW-7 Station B 

come on . BREAK indicator lamps 
and aum"ble alarm come 
on and m-se trana-
misalon stope. 

4. DepNIIII BREAK None. Station A BREAK fndi- None. 
RESTORE pushbutton. cator lamp and audible 

alarm soea off. 
5. Depresa SEND push- None. Station A SEND and Remote Control Unit B 
button switch for 5 P&I indicator lamps and KW-7 Station B 
seconds. come on. After com- P&I indicator lampe 

p1etion of phasing and come on, ths BREAK 
indicator cycle, the P&I indicator lampe ~ the 
indicator lamps SO out. audible alarms go oft'. 

After pbaaiug and indi-
cator cycle has been 
completed, P&I lampe 
SO out. 
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TABLE 3-13 (Contmued) 

Action Ncmnal Besponae 

Station A Operator Station B Operator Station A Operator Station B Operator 

6. T!'llllllmit a test mea- None. Page Printer printe mea- Page Printer printe mea-
sage from the transmitter- sage. aage. 
distributor or keyboard. 

7. None. Depress Remote Con- Station A BREAK lndi- Remote Coutrol Unit B 
trol Unit B BREAK cator lamp and audible aDd KW-7 Station B 
pushbuttOD for :five alarm come on. Also BREAK indicator 1empa 
aeconds. tranami&aion etops. and audible alarms come 

on. 

8. None. Depress Remote Con- None. Remote Control Unit B 
trol Unit B BREAK and KW-7 Station B 
RESTORE pushbutton. BREAK indicator lampa 

aDd audible alarms come 
on. 

9. None. Depress Remote Con- Station A P&I lamp Remote Control Unit B 
trol Unit B SEND comes on and the and KW-7 Station B 
pushbuttOD for five BREAK indicator lamp SEND and P&I indica-
seconds. aDd audl'ble alarm go tor lampa come on. 

oft'. After phasing aDd After pbasiDg aDd indica-
indicator cycle baa been tor cycle baa been comple· 
completed P&I lamp goes ted, P&l lamp goes out. 
oft'. 

10. None. Trallllmit a test mea- Page Printer printe the Page Printer printe the 
sage from the transmit- measage. :mel!llll&L 
tar-distributor or key-
board. 

11. Trauamit a test mee- None. Page Printer printe the Page Printer printe the 
sage from the traDBDiitter- ~- message. 
distributor or keyboard. 

' 

3203. Operation.--As previously stated, the KW-7 provides for the transmision or reception 
of intelligence in tbe form of either plain text or cipher text. The following subparagraphs 
describe the procedures for placing the KW-7 equipment in either operational condition. Al­
though these procedures are related directly to a two-station half-duplex operation, they may 
also be applied to a full-duplex or multistation operation. If a malfunction occurs during aDY 
of the procedures, reference should be made to Chapter 3 of KAM-144B/I'SEC for trouble­
shooting information. 

a. Establishing Plain Text Communications.-The following procedures pertain to the opera­
tion of the KW--7 for the transmission or reception of plain text communications. 
11) Perform the required wiring and cabling connections to affect the desired system oper.­

ation (refer to figs. 3-13 through 3-18). 
l2) Set the switches as shown in table 3-9. 
c3l The transmitting station operator should depress the SEND pushbutton and hold it 

depressed for approximately five seconds. 

i4) The P&I indicator lamp located at both stations should become illuminated as soon 
as the transmitting station operator depresses the SEND pushbutton. 

(5) Mter release of the SEND pushbutton, the P&I lamp, located at both stations, should 
become deactivated as soon as the phasing and indicator cycle has been properly com­
pleted in both units. 
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(6) The transmitting station operator should now transmit a test message to determine the 
reception capability of the receiving station. 

(7) The receiving station operator should observe the test message and determine that it 
is not garbled. H the test message is garbled for any period of time, interrupt trans­
mission by depresBing the BREAK push-buttonflndicator until the BREAK lamp is 
illuminated. Paragraph c (which follows) describes the steps required to employ the 
break feature of the equipment. 

Note: In the event that the KW-7 is being operated with a radio communications link, 
the BREAK FUNCTION switch should be placed in the OFF position. If the 
test message is garbled, the receiving station operator will have to advise the 
transmitting station operator by an alternate mode of communication. 

b. EstabliiJking Cipher Tezt Co71Z1711mications.-The following procedures pertain to the opera­
tion of the KW-7 for the transmission or reception of cipher text communications. 
(1) Perform the required wiring and cabling COIIl1eCti.ons to afFect tbe desired system opera­

tion (refer to figa. 3-13 through 3-18). 
(2) Unlock the KW-7's front cover and set the permuter patch cords in an operational setup 

based on a key list. Relock the cover. 
WARNING: THE PATCH CORDS MUST NEVER BE SET AS SHOWN IN 

TABLE 3-8 WHEN THE KW-7 IS CONNECTED TO THE LINE. 
(3) Set the switches as shown in table 3-9 with the exception that the PCR switch is to be 

placed in the CIPHER position. 
(4) Rotate the ALARM TEST switch through all of its positions, pausing for approxi­

mately five seconds at each position, and observe the occurrence of the associated in­
dications defined in table 3-14 . 

(5) Perform steps 3 through 7 of paragraph a above. 

TABLE 3-14 

ALARM TEST SWITCH, TEST 
POSITION INDICATIONS 

Position ALARM MI Audible SendandP&I 
Lamp Lamp Alarm Lamps 

OFF Off Off Off Off 
1 On. On. Audible Off 
2 On. On. Audible Off 
3 On. On. Awh'ble Off 
4 On. On. Audible Off 
5 On On. Audible Off 
6 On. Off Audible On. 
7 On. Off Audible Off 
8 On. Off Audible Off 
9 On. Off Awh'ble Off 

10 Off Off Audible Off 
11 Off Off Off Off 

c. Break Procedure, Two-Stotion Half-Duplex Operation.-The break procedure is employed 
when a receiving station observes extended garble being printed out on the page printer. 
The following paragraphs describe the steps to be performed for operation with 2-wire or 
4-wire lines and with radio equipment. 
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! 1) Wire line operation.-During 2-wire or 4-wire operation the station will have the BREAK 
FUNCTION switch placed in the ON position. H, during the course of a message 
reception, extended garble appears on the page printer, the following steps should be 
performed: 
ta) The station observing the garble should immediate]y depress the BREAK~usb.­

button(mdicator until the indicator becomes illuminated. 
cb) The transmitting station should halt transmission as soon as its BREAK pusb.­

button(mdicator becomes illuminated and then attempt a new start. In the event 
that the new start again results in a bl-eak operation, the transmitting station 
should halt communications and refer to Chapter 3 KAM-144B(l'SEC. 

121 Radio equipment operation.-During operation with radio equipment, the station must 
have the BREAK FUNCTION switch in the OFF position. This prevents the gener­
ation of break indications due to radio fadeout. If, during the course of a message 
reception, extended garble appears on the page printer the following steps should be 
performed: 
!a) The station which observes the garbled message should notify the transmitting 

station by an alternate mode of communication. 
cb) Upon notification of a break condition, the transmitting station should halt trans­

mission immediately and attempt a new start. In the event that the garble con­
tinues, the transmitting station should halt operation and refer to Chapter 3 of 
KAM-144B{I'SEC. 

3204. Operational Errors.-When the KW-7 fails to perform proper]y, the trouble msy be 
either an operational or functional error. Operational errors are those caused by human error 
in operating the equipment. In contrast, functional errors are thoes caused by malfunctions 
within the equipm.E'nt itself. Operational errors are most likely to occur when a piece of equip­
ment is first installed. If the trouble is experienced within a newly installed KW-7, check out 
the operating procedure to eliminate it as a possible cause of the difficulty before going on to 
troubleshooting techniques, outlined in KAM-144B{I'SEC. Table 3-15 descn'bes thoes opera­
tional errors which might affect proper operation of the equipment. 

Symptom 

KW-7 inoperative; all indicator 
lamps out. 

BREAK indicator lamp contlnu-
ally on (BREAK FUNCTION 
switch ON). 

Cannot transmit. 

Garbled reception. 

Page printer :runs open. 

Constat alarm (Cipher operation). 

94 Q9N.Pi91!1N'I'f:ti.J 

TABLE 8-lli 

OPERATIONAL ERRORS 

Poaalble Operational 
Error 

Primary power CODDectioDS to 
unit improperly made. 

Line circuit connections fmpro-
perlymade. 

Loop circuit CODDections impro-
perly made. 

Improper switch settings. 

Broken or improperly seated per-
muter patch cord. 

Jumper plugs improperly seated 
or millliug. 

Permuter patch cords bnproperly 
wired. 

------

Remedy 

Check an power CODIIeCI:kma. 

Check all line connections. 

Check an loop counec:tions. 

Check all ewitch settinp for 
proper setting. 
Check all patch COlds. 

Check jumper plugs. 

Check for proper Pfttch cord 
wiring. 

--

ORIGINAL 

• 

• 

• 

• 

• 



ID: 3559654 

......... 

• 

• 

• 

• e 

WNPIBBN~ KAM-143Bfl'SEC 

3300-VIOLATIONS OF CRYPTOSECURITY 

3301. General. 

a. The equipment malfunctions and failures and other insecurities listed below are of concern 
to both operators and maintenance personnel. Where the operator has not been trained in 
the electronic theory of the equipment, maintenance personnel aha1l be responsible for pre­
paring the necessary reports of equipment malfunction or failure. 

b. Reports concerning equipment malfunctions or failures cannot be evaluated unless they 
contain detailed information. Paragraph 3304 provides guidance regarding the contents of 
such reports. 

c. The information in a report concerning equipment malfunctions or failures shall be classified 
SECRET-CRYPI'O. The complete report aha1l be clasaifled in accordance with the in­
structions contained in the effective edition ofKAG-1. 

3302. Reports of Physical Insec:urities.-The reporting procedures for physical insecurities 
vary depending upon the circumstances. The insecurities listed in a below must be reported 
immediately by message, assigned at least a PRIORITY precedence in accordance with the 
procedures for message reports contained in Section 5200 of the effective edition of KAG-1. 
The insecurities listed in b below must be reported in accordance with the procedures for 
letter reports contained in that section of KAG-1 referenced above. 

a. Message Reports. 
(1) Physicallot!S of keying material (superseded, current or future). 
(2) Any instance of unauthorized viewing of keying material or the KW-7 plugboard when 

keyed according to an operational key list. 
Note: It is possible to obtain the plugging arrangements through examination of the 

key operating and combining circuits of an operating KW-7. One way to 
accomplish this is through use of a prqbe and ohmmeter. If there is reason to 
believe this has occurred, it should be reported as an instance of unauthorized 
viewing of keying material. 

b. Letter Reports. 
(1) Physical lot!S of crypto-equipments, maintenance manuals and operating instructions. 
(2) Any instance of the KW-7 being left unattended under circumstances that might allow 

unauthorized pel'SOD8 access to the classified portions of the equipment. (Provid~ that 
a (2) above could not have occurred.) 

(3) Any instance of an unauthorized person having an opportunity to view, photo~ph." or 
copy the classified elements, maintenance manuals or operating instructions. 

3303. Reports of Equipment Malfqnetioas and Failures and Other Reportable laseeurities. 

a. Equipment malfunctions and failures will be reported in accordance with the procedures for 
message reports contained in Section 5200 of the eft'ective edition of KAG-1. 

b. The following equipment malfunctions and failures will be reported in accordance with 
paragraph a above if they occur during periods of alarm failure. 
(1) Intermittent or constant failure of any stage of the Fibonacci chain. 
(2) A constant output (00000 or 11111) of the special points circuits. 
(3) A constant output (00000 or 11111) of the accumulator . 
(4) A constant output (00000 or 11111) of the feedback-re-entry adders. 
(5) A constant output (00000 or 11111) of the final Modulo 2 adder circuits. 
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c. Any occurrence of inadvertent plain text transmisaion of special intelligence information 
resulting from equipment malfunction or failure, will be reported in accordance with paragraph 
a above. 

d. The reportable insecurities listed below will be reported in accordance with the procedures 
for letter reports contained in Section 5200 of the e«ective edition ofKAG-1. 
( l) Malfunction or failure of noise source or amplliier filters. 
C2) Oscillation in noise source or amplifier filter circuits. 
(3) Any transmission with improper plugging (i.e., improper plugging or plugs not inserted 

at all). 
(4) Modification or removal of components of the key generating, key combining, randomizer 

or alarm circuits without prior approval of the Director, National Security Agency. 
(5) Any use of the same plugboard setting for a period exceeding 26 hours. 
(6) Manipulation of the equipment by unqualified personnel not under the supervision of a 

qualified operator. 
(7) Disablement of the plaintext audible alarm except for maintenance purposes. 
C8) Transmission in the clear of information concerning equipment failure or malfunction or 

operator error which might have produced faulty key. (Revealed condition m8f8agell 
are excluded from this restriction.) 

(9) A transmis.'lion in which any serious operating error occurs which appears to weaken the 
security of the system. (Revealed condition messages are excluded from this restricdon.) 

110) Operation of the equipment when the following precautions are not observed: 
Ca) All covers must be on the equipment and secured. 
(b) All shield grounds must have continuity through their respective connectors. 
(c) All filters must be in proper operating condition. 

3304. Report IDfommtion.-When an equipment malfunction, failure or other reportable in­
security occurs, the following information should be included in the report of the occurrence: 

a. Time transmission occurred and length of faulty transmission. 

b. Description of how the failure was detected. 

c. Indication of the degree of failure. 
I 1) Constant, intermittent, or occasional periods of complete failure. 
12) Intermittent rapid cutting in and out. 
(3) Other unreliable operation. 

d. Description of output of the faulty circuit. 
e. Effect of the failure on other circuits. 

f. Identification or description of any components that were at fault • 

• 
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CHAPTER 4 

THEORY OF OPERATION 

4000-0VERALL DESCRIPTION 

4001. GeneraL-Use of the KW-7 equipment by a communications system P.ermits the open 
transmission of classified information without fear of revealing the contents uj other than the 
intended parties. Each KW-7 functions as a transceiver in that it can ei~er transmit or 
receive data, but not simultaneously. Operating as a transmitter, the KW.l-7 accepts input 
signals from a teletypewriter keyboard or transmitter-distributor and trarulrorms this plain 
text information into a form called cipher. When this cipher is transmitted it is intelligible 
only to other KW-7's in the system. As a receiver, the KW-7 accepts ciP,her signals and, 
by a process known as decryption, recovers the data content of the message #t was originally 
concealed by the transmitting KW -7. The KW -7 is also capable of transmitqng and receiving v" 
plaintext information. Certain special terms are used in the ensuing discussion of this eqUipment. 
These terms are explained when they first appear in the text. : 

a. Form of Information Transmitted.-To understand the form of informatiol\ transmitted be­
tween a pair ofKW-7's consider first the transmission of information by D).eans of a simple 
neutral teletypewriter system. Information in such a sys1;epl is transmittEMJ by opening and 
closing the circuit at the transmitting end. At the receiving end, the open o~ closed condition 
of the circuit is indicated by the presence or absence of current throu~ a load in the 
circuit. Basically, then, there are only two states in which the circuit can: exist; ·current is 
either :flowing or not :flowing through the circuit at a given instant or, si.nillarly, a voltage 
is either developed or not developed across the load. Because the simple ~ethod of trans­
mitting information just described involves only two states, the system.~ be described 
as a binary system. The two states of a binary system are usually distin~ed by designat­
ing one of the states as the ONE state and the other as the ZERO state.! Information is 
conveyed in such a system by the sequence in which these ONE's and ZERO's occur. 
Returning again to the simple teletypewriter system, the closed circuit (durrent :flow) can 
be dssignated arbitrarily as the ONE state and the open circuit (no cunimt :flow) can be 
designated as the ZERO state. 

I 

b. Neutral Teletypewriter Transmission lnformation.-Actual neutral tele~ter data signals 
consist of an electrical five unit code of current and no-current intervals. lnpul.$es which energize 
the teletypewriter selector magnets are known as marking impulses and thbse which do not 
are known as spacing impulses (see fig. 2-3 in chapter 2). This five unit fo?e is composed 
of five selecting intervals which may be either marking (current :flow) or sp'l-cing (no current 
:flow) according to the code sequence of the character to be transmitted.; Each group of 
five data selecting intervals is preceded by a start interval (no current :flow) and is followed 
by a stop inpulse (current 1low). · To further relate this five unit code to ~ binary system 
it is possible to call each of the five selecting intervals a baud (the srrlallest bit of in­
formation contained in any teletypewriter character}. Thus the letter A~ represented by 
a start interval followed by five bauds (two marks and three spaces) an:d ending with a 
stop impulse. Binarily this is represented by 0110001. Therefore, by the introduction of 
unit time intervals, the teletypewriter code can be resolved into serial binaly form in which 
information is conveyed solely by a sequence of binary bits. i 
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4002. Encryption and Decryption.-The plaintext information on which the KW-7 operates to 
prndut'e cipher is in serial binary form when it is submitted for encryption; i.e., the information 
is represented as a sequence of ONE bits and ZERO bits, each occupying a unit time interval. 
Thl' encrypting process (the process which converts plaintext to cipher) performed by the KW-7 
modifies the sequence of ONE's and ZERO's in a way that conceals the information represented 
hy this sequence. Conversely, in performing the complementary process of decryption (convert­
ing the cipher back into plaintext), the receiving KW-7 recovers the original sequence of 
ONE's and ZERO's of the text from the cipher. The actual encrypting process involves the 
addition of a random sequence of ONE's and ZERO's (called key) to the text in order to 
produce cipher. The decrypting process involves the addition of the identical random sequence 
of ONE's and ZERO's to the cipher to recover the plaintext. This method of encryption and 
det'ryption generally is known as an additive key method. 

a. Addititlf! Key Method.-The transmitting KW-7 converts plaintext messages into cipher text 
messages by an additive key method. The plaintext is added to the key, one baud at a time 
by an addition process called MOD2 addition. MOD2 addition is merely binary addition 
neglecting thE' ONE carries. Table 4-1 shows the comparison between binary addition and 
MOD2 addition. 

TABLE 4-1 

COMPARISON BETWEEN MOD 2 ADDIDON AND mNARY ADDITION 

MOD2 Sum Biliary Sum 

OplusO = 0 0 

Oplus1 = 1 1 

1 plus 1- 0 0 
.___ 

--~ -- ---
with a 1 carry 

------

trl For example the letter A in plaintext is represented in teletypewriter code by the 
binary number 11000. This binary number is preceded by a ZERO start baud, and 
followed by a ONE stop baud. Therefore, the complete plaintext representation for 
the lette:!' A is 0110001. When plaintext is MOD2 added to key, the start and stop 
bauds remain in plaintext to permit receiver synchronism, but the middle five information 
bauds are encrypted (added to key bauds). The key is added to the letter A (text) one 
baud at a time to produce cipher. The following example illustrates MOD2 addition of 
key to the letter A. 

Key 10101 
(Plus) Text (A) 11000 

I Equals) Cipher (A) - .____ .Jl1101 -
The resulting MOD2 sum, called cipher, bears little resemblance to the original 
representation of the letter A. Thus, the cipher conceals the plaintext for secure 
transmission by the KW -7. 

C2) The receiving KW-7 receives the letter A in cipher form, and converts the cipher to 
plaintext again, by MOD2 adding an identical segment of key to the cipher, as shown 

in the following example. 

Cipher(A) 01101 
(Plus) Key 10101 
{Equals) Text (A) 11000 
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ecryption of the letter A in cipher form recovers the prigina1 plaintext 
form of 11000. The key actually will be a constantly changing aequ~ of ONE's and 
ZERO's, but will have a random sequence in the tl'ansmitting KW-7~ which is synch­
ronized to an identical random sequence in the receiving KW -7. Etich character of a 
teletypewriter message can be placed in cipher form for serure tTa~on by the 
additive key method just described. 1 

b. Key Generator Setup.-The initial setup of the key generators used in the K~ -7 cryptographic 
system determine the particular key cycle produced. If this initial setu~ were built into 
the key generator with a fixed format, the same key cycle would always produced, thus 
weaking the security of the system by allowing interceptors to accumula 

1 
information on 

the key cycle, and, eventually allowing them to duplicate .the key cycle. ~ risk is avoided 
by provision of a variable initial key generator setup. The format of the key initial setup 
can be manually changed periodically in both the transmitter and receiv , thus, e1fecting 
an overall change in the key cycle. Because of the need for synchronism between the key 
generators m both the transmitter and receiver, both key generators alw shave the same 
starting point in the key cycle with the initiation of a send operation}. However, the 
starting point is continually changing to provide increased transmission secu!Jity. A sequence 
of automatic modification operations are performed by the key genera~ logic, thereby 

. increasing the cycle length of the key stream pattern. The key stream is composed of a 
random sequence of binary ONE's and ZERO's. The manual capability! of changing the 
key cycle on a planned schedule further increases the security of crypto ~ansmission, over 
and above that provided by the automatically generated portion of the key~· 

4003. OperatioDBI Phases.-The following discussion presents a simplified dElscription of" the 
operation of the KW-7 bOth as a transmitter and receiver (figs. 4-1 through 4-6). This discus­
sion defines what occurs during t1ie cipher, plain synchronous, and plain ~nous operations. 

a. Cipher Operation. . I 
(1) Send phasing (fig. 4-1).:-When the transmitting KW-7""operator depresses the SEND 

pushbutton/indicator switch, the KW-7 automatically generates MOD-8 letters char­
acters (phasing characters) and transmits them to the receiving KW-7. I 

(2) Send indicator (fig. 4-1).-After the transmitting KW-7 operator rel~ases the SEND 
pushbutton/indicator switch, the KW-7 continues to generate and ~smit MOD-8 
letters characters until a blank character is generated by the ranciornifr. The KW-7 
recognizes the first blank character generated by the randomizer as 'r'"e first random 
message indicator character and transmits it and the subsequent sequence of letters and 
blank characters in MOD-7. The KW-7 continues to transmit this Bel{es of letters and 
blank characters until twelve blank characters, including the initial blank character, and 
then twelve letters characters have been transmitted. · 

(3) Send 110rmal (fig. 4-1).-During the send normal phase, the transmittingiKW-7 adds the 
output from its key generator (key) to the plain text output (syn~nous 7.0 baud 
data) from the extensor and control and produces cipher (MOD-2 s~ of synchronous 
7.0 baud data plus key) which is fed to the line output circuit for !transmission to 
thereceivingKW-7. ~· 

(4) Receiue phasing (fig. 4-2).-At all times, except when actively transmi ing, the KW-7 
is searching for and will recognize MOD-8 letters characters. After consecutive 
mark-space transitions have occurred, at the proper eight count timr,. the receiving 
KW-7 recognizes that a genuine phasing start has taken place, locks in .!;;counters and 
searches for the first b~ character of the indicator phase. 

(5) Receiue indicator "(fig. 4-2):.:_The receiving KW-7 recognizes the first MOD-7 blank 
character received as the beginning of the receive indicator phase. The "ving KW -7 
votes on this blank. character by counting four out of the six spacing bits (ftve information 
bits and one start bit as spaces). The receiving KW-7 then counts 12 ~characters 
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Figure 4-1.-Bend Cipher Operation, Bloek Diagram. 

(including the initial blank character) and then 12 letters characters, at which time the 
receiving KW-7 recognizes that the indicator phase has been completed and will auto­
matically go into the receive normal phase. 

16) Receive normal (fig. 4-2).-During the receive normal phase, the receiving KW-7 adds the 
output of its key generator (key) to the output from the extensor and control (7.0 baud 
cipher) and produces plaintext (7.0 baud cipher plus key) which is fed to the receiving 
KW -7's loop output for printout on its external page printer • 

116 

..... 
STANDARD 
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Figure 4-2.-Reeeive Cipher Operatioa, Bloek Diagram. 
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b. Plain Synchronous Operation. ! 

(1) Send phasing (fig. 4-3).-When the transmitting KW-7 operator deJresses the SEND 
pushbutton/indicator switch, the KW-7 automatically generates andt.:;smits MOD-8 

••• 

, 
111!1 

• 

• 

letters characters. The KW-7 continues to transmit these MOD-8 characters, 
after the SEND pushbutton/indicator switch has been released, unt" such time that a 
blank character is generated by the random~. The KW-7 ~ the first blank 
character as the end of phasing and by-passes the indicator period tp go directly into 
normal. 1 
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Figure 4-4.-Beeeiye Plain Synduoaous Operation, Bloek Diagram. ! 
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(2) Send normal (fig. 4-3).-Durlng the normal phase, the KW-7 accepts plain text inputs 
from a teletypewriter keyboard or transmitter-distributor, transmits the start-stop 7.0 
7.42 baud data to the loop output circuit for page printer printout, and also converts this 
input into synchronous 7.0 baud data plus timing. This information is then fed to the 
line output circuit for transmission to another KW-7. 

I ---, 

I~ 
I l 
I ~ I ., LOOP' NONSYNCH 
I I INPUT 7.42 OR 7.0 

~XTER~A.!:.J BAUD DATA 

TIMING 

TIME 

STANDARD 
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100 KC 

f 
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a 
CONTROL 

J 
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• 
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TRANSMISSION LINE 

LOOP 
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TEXT ·-- ----, 
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Figure 4-5.-Send Plain Asynehronoas Operation. Bloek Diagram. 

11 8 e6NPIBJ!JN,At ORIGINAL 

• 

• 

• 

• 

• 



>CID: 3559654 

• 

• 

• 
I 

• 

• 

~:-..iii!!: 
(;Ql'II!IJJI§rt 112\L . I KAM-143Bfl'SEC 

(3) Receive phasing (fig. 4-4).-During receive phasing the KW-7 search~ for and recognizes 
MOD-8letters characters until such time that a 7.0 unit blank chqracter is received. 
At this time, the KW-7 recognizes that the phasing phase is over :Od by-passes the 
indicator phase·to go directly into the normal phase. t 

(4) Receive normal (fig. 4-4).-The KW-7 accepta the plain text in]" on and directs it 
through the extensor and then through the loop output circuit, to the receiving KW-7's 
page printer. 

c. Plain Asynchronous Operation. 
(1) Send normal (fig. 4-5).-Bend normal operation for plain asynchronio operation is the 

same as that discussed for plain synchronous operation. 
{2) Receiue normal (fig. 4-6).-During receive normal phase, the KW-7 a pta asynchronous 

teletypewriter inputs at ita line input circuit, and feeds it to its lbop output circuit 
for printout on the external page printer without going through the ~r . 
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4100--DETAILED THEORY, TRANSISTORS 

4101. Semicondudor Material, Properties, and Atomic: Strnc:ture. 

a. Introduction.-Much of the advancement in the field of digital computers is directly attribut­
able to the parallel development of semiconductor devices. The two most widely used devices 
are the transistor and the diode. The employment of these two devices has made it possible 
to develop extremely fast computers which consume less power and are more reliable than the 
earlier vacuum tubes. With the increased utilization of semiconductors, the understanding 
of their operation is essential for electronic technicians. 

b. Properties.-A semiconductor possesses electrical properties which classify it as neither a 
good insulator nor a good conductor. The resistivity of the material is dependent upon the 
availability of current carriers which, in turn, is controlled by the arrangement of the atoms 
within the material. The two elements which are most widely employed in the manufacture 
of transistom and diodes are silicon and germanium. Either germanium or silicon in their 
pure forms are insulators, but when a small amount of an impurity (0.05 ppm) is added, 
the material becomes a semiconductor. 

r. Atomic Structure.-The atom is the smallest particle of an element which still retains the 
properties of the element. The atom is composed of protons (positively charged particles) 
and neutrons (neutral particles) which form the central portion of nucleus, and electrons 
(negatively charged particles) which rotate in orbits around the nucleus. The atom may be 
pictured as a sun with planets revolving about it. The number of rotating electrons (which 
equals the number of protons in the nucleus) is known as the atomic numbel' of the element. 
Electrons are separated in groups callsd shells, at certain distances from the nucleus. To 
present a picture of sizes involved in the atom, if the nucleus were considered to be the 
size of a baseball, the nearest electron shell would be one and one-half miles away! The 
lightest element, hydrogen, has only one shell containing one electron, whereas germanium 
has four shells with 2, 8, 18 and 4 electrons respectively. The electrons in the outer-most 
shell, called valence electrons, may never number more than eight. It is these outer electrons, 
and the processes involved with them, that bond atoms together. The atomic structure of 
germanium is shown in figure 4-7. The atoms of silicon and germanium in the natural solid 
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state are held together by a covalent bond. This covalent bond is formed by the interaction 
of the valence electrons of one atom with the valence electrons of other atoms. Since both 
silicon and germanium have only four vaJence electrons, and since the outer abell can accom­
modate eight, there are four empty spaces which electrons from another atom or atoms may 

· occupy. Each of the four valence electrons interlinks with an electron orbit of an adjacent 
atom to form a solid covalent bond so that every atom appears to have: a complete outer 
shell. This formation of many bonds into a regular pattern is known ~ a crystal lattice. 

: 
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l'lgare 4-&.~ymbolic: Structure of Pure Gei'IIIIUiium. 

d. Conduction. 
(1) Impurities.-It is possible for atoms of substances other than ge~ to combine 

with the lattice structure of germanium. Two typea of impurities are ad~ to germanium 
to produce the desired electrical properties: one type, known as donor&, bas five valence 
electrons; the second type, called acceptors, bas only three valence elecblons. 

(2) Donor theory.-Bince the donor material (usually arsenic) bas five valeni:e electrons, when 
it combines with germanium (four valence electrons) there is one ex~ electron existing 
in the lattice. The newly-formed material, characterized by the spare ~. in known 
as N-type germanium (N standing for negative since there is the eXcess of electrons 
which have a negative charge) and is classified as a donor (fig. 4-9). !The free electron 
is very loosely held in the lattice structure and therefore is relatively lfree to be moved 
by an electromagnetic field (in fact, room temperature supplies more th'an enough energy 
to release this electron from its bond to the arsenic atom). The cop.ciuctivity of the 
crystal will depend upon the number of free electrons which can ~ caused to move 
through the lattice structure by a battery connected across the crystal. 1 When this excess 
electron leaves the donor atom, the result is the production of a positive ~on. 
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Figure 4-9.-Symbolie Stnteture of N-Type Germanium. 
13) Acceptor theory.-The element indium is often employed as the added impurity to produce 

acceptor material. Indium has only three valence electrons so that when it combines in 
the ~termanium lattice, there is the absence of one electron. The acceptor material is 
known as P-type germanium (P standing for positive since an electron is absent and the 
resulting charge is positive). The indium atom "borrows" an electron from a neighboring 
germanium atom thus breaking an existing covalent bond. The bond that had an 
electron taken from it now acquires a "hole" (fig. 4-10). The visualization of the absence 
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Figure 4-10.-Symbolie Structure of P-Type Germanium. 
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of an electron as a hole is an important concept in explaining the physics of a semi­
conductor. A brief paragraph describing holes and their signiftcance will be presented. 
A hole is actually a movable energy state that acts as a positive electric charge. The 
relative motion of the hole is dependent upon the movement of electrons within the 
lattice structure; as voids are filled by loose electrons the hole appears to move about. 
Hole motion is restricted to movements from one atom to another while an electron may 
move about freely. The concept of holes is limited to semiconductor devices, and the 
holes may only move within a semiconductor, not in the electrical circuit. Holes, when 
attracted by the negative terminal of a voltage source, will dift'use through the semi­
conductor. 

(4) Co~lusion.-Thus it has been shown that two types of current carriers may be inserted 
into a semiconducting device: the negatively charged electron and the positively charged 
hole. Both carriers contribute to the conductivity of the material. Electrons are 
ordinarily identified with donor or N-type materials, holes with acceptor or P-type. 

4102. The Semieonductor Jtmetion. 

a. Introduction.-When a section of N germanium is joined with a section of P germanium, the 
result is a PN junction. This device is known as a diode and functions primarily as a voltage 
rectifier. When this junction is made, a small potential di«erence is established. It would 
be expected that the excess electrons would migrate across the junction from the N material 
to fill the holes which exist in the P material. In aCtuality, a repulsive force is estab­
lished which accounts for the potential dift'erence. This repulsion is due to the fact that 
the negatively charged ~ of the P. material repel the ~ in the N material. This 
repulsive force is known as the potential hill or barrier and can only be overcome by an 
external voltage (fig. 4-11). 

b. Forward and Reverse Bias. . 
(1) Forward bias.-Forward bias in a semiconductor device may be accomplished by simply 
' connecting the negative pole of a battery to the N-type material and the positive pole 

to the P-type. This arrangement attracts the electrons in theN-type material and the 
... 
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holes in the P-type material towards the junction of the two materials. The potential 
barrier is then broken down and a large current is established at the junction due to the 
electron-hole exchange (fig. 4--12). 

.I,, 
p Barrier N 
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Figure 4--12.-PN llllldion, Forward Bias. 

12) Reverse bias.-If the battery connections are reversed (i.e., negative pole to the P-type 
material and positive pole to the N-type ) both the holes and electrons are forced away 
from the junction and the potential barrier is increased. Relatively little current will 
flow in this state (fig. 4--13). 
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Figure 4-13.-PN Junction. Reverse Bias. 
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' 
(3) Conclusion.-It can now be seen that a low resistance is associated with forward bias 

whereas reverse biasing increases the potential barrier and develope! a high :res1atance. 
It is this unidirecti.<ina voltage characteristic that has made the ~ ao useful in 
rectification and in RF and IF detection. I 

I 

c. Diode Action. I 
(1) Reverse current f/Dw and diad£ bnlakdown.-When the diode is ~ in the reverse 

direction, a small current flow is detectable. This current is caused by minority carriers 
which are a few electrons existing in the P material and a few hDles' present in the N 
material. Minority carrier current, called leakage or cut-ott · ~t, is entirely de­
pendent upon the ambient temperature. However, if an exceaaivejreverse voltage is 
applied, the diode will. conduct ae well in the reverse direction 88 it normally does in 
the forward direction. This is a result of the braeking of many ~t bonds through-
out the lattice. Enough voltage will cause complete breakdown of all covalent bonds 
and crystal breoktJown, occurs (extremely large reverse current). I 

(2) The diode operation.-Figure 4-14 presents a typical curve of voltage versus current 
across the PN junction of a diode. Note that under a forward bias the current is 
carried by the majority carriere and flows in a positive direction. Under reverse biae, 
as previously steted, the current flows in a negative direction and is generated by 
minority carriers. The point of crystal breakdown is shown ae a ~ .. knee" in the 
curve. The voltage at which breakdown occurs is known ae the Zener voltage. Note 
that for a wide span of currents the voltage remains practica]ly constant (Zener effect). 
The heat generated by crystel breakdown will render the ordinary diode useless; however, 
special diodes have been designed which utilize these cbaracteristicsj while resisting the 
damaging effects of heavy reverse conduction. These are known mj Zener diodes, and 
are p:rincipally used as voltage regulators in power supplies. , 

.. OL................ . I 
a. Introduction.-The word transistor derives its meaning from the two w~ which descn"be 

its electrical action: TRANSfer resiSTOR. The junction transistor ~-~Y an eitension 
of the diode combining two PN junctions in a single device. In OP,Jl"ation, one of the 
junctions is biased in the forward direction, the other in the reverse ,u ..... 4t.um. For amplifica-
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tion, a signal is inserted in the forward bias direction and extract;dr-tbe reverse :bias 
direction. The transistor transfers the signal from the low resistance ~circuit to the high . i 
resistance circuit. · · • 

b. Transistor Classification by Construction. . . · · ! 
(1) The PNP trunsistor.-The PNP transistor is formed by ~-a narrow strip of .. 

N-type germanium between two wider pieces of P-type germani: (:&.g. 4-16). The 
three regions, known as the emitter, base, and collector (P-N-P), fitted with metal 
contacts in order that they may be connected to an external cblcuit. The junction 
between the emitter and the base is called the emitter juncti 1 and the junction 
between the base and collector is known ae the collector junction. 5 of e1ectrons 
by negative ions occurs a:t each junction, 88 was described for the diode, hence, in the 
quiescent stete, a depletion region is present at the emitter and collector junctions. 
The collector resistance is higher than the emitter resistance and! usually is larger in 
area to accept most of the current carriers (holes). When the trimsistor is biased 88 

shown in figure 4-16, holes diffuse through the base and combine! with electrons that 
enter the collector from the negative terminal of the collector ba~. The transistor 

COUC\;Wlo · • 
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.• is 1~ ..... ~ly efticlent device: 92 to 99 per cent of the emitterj current reaches the . 
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Figure 4-14.-Typical Diode Charaeteristies. 

(2) The NPN tmnsistor.-The NPN transistor is similar in operation and construction to 
the PNP except that a thin strip of P-type material is placed between two pieces of 
N-type material and the current carriers are electrons instead of holes. Figure 4-17 
presents the 'l>iasing arrangement for the NPN transistor. l'{ote that the battery 
polarities lll"E reversed from those of the PNP, but this arrangement still provides a 
forward bias at the emitter and a reverse bias at the collector. 
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J'igure 4-16.-PNP Tlusistor, Properly Biased. 
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{3) Vacuum tube analogy.-The three sections of the trausistor, the emitter, the base, and 
the collector, can be related to corresponding components of the triode vacuum tube. 
The emitter is analogous to the cathode. the base is analogous to the grid and the 
collector is analogous to the plate. The vacuum tube is controlled by voltage, whereas 
the transistor is controlled by current. Also, in the vacuum tube, the current flows 
through a vacuum while In a transistor the current flows through a solid. The magnitude 
of the emitter to collector current is controlled by varying the forward bias voltage. 
This action is similar to the vacuum tube in that the plate current of the tube is 
dependent upon the grid to cathode voltage. The vacuum tube employs a heater to 
cause electrons to leave the cathode by thermionic emission, whereas the transistor 
needs no such device. The electron flow in the vacuum tube is always from negative 
(cathode} to positive (plate}, but the collector of the transistor may be either positive 
or negative with respect to the emitter depending upon whether electrons or holes are 
the current carriers. In most vacuum tubes there is no appreciable current between the 
cathode and the grid, whereas there is an emitter-base current present in the transistor. 

4104. The Trauistor as an Amp6fl.er. 

a. lntroduction.-The transistor is capable of amplifying an electrical signal because of its 
electrical characteristics. Figures 4-18 and 4-19 show the normal circuit symbols for the 

B 

Figure 4-18.--Cireait Symbol for PNP Transistor. 

B 

Figure 4-19.-Cireuit SJ1Dbol tor NPN TI'IUISistor. 
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PNP and NPN transistors. Note that the direction of the arrow on the emitter is towards 
the center of the transistor for the PNP transistor and away from the cimter for the NPN. 
The electron current in the emitter always flows against this arrow. Three rules will aid 
in understanding the physical behavior of the transistor 88 a circuit element; 1) the first 
letter in the designation of the type of transistor indicates the polarity, of emitter voltage 
with respect to the base; 2) the second letter represents the polarity of the collector voltage 
with respect to the base; and 3) the first and second letters represent ,the polarity of the 
emitter with respect to the collector. There are three basic types of 1transistor amplifier 
circuits. These configurations will be discussed in the following sections. i 

I 
b. Amplifier Types. I 

(1) The common base amplifier.-The common base configuration deriv. its name from the 
fact that the base of the transistor is connected to the input and output circuits 88 
pictured in figure 4-20. The input signal is impressed between the einitter and the base, 

I 

Figure 4-20.--coDUDOn-Base AmpU8er (NPN). 
I 

and the output is taken from between the collector and the base~ When a positive 
signal is impressed, the emitter forward bias voltage is decreased ~~ well 88 the emitter 
current. Thus, the collector current is decreased and the voltage arop across resistor R 
is also decreased. Since the potential difference across the resistor! has decreased, the 
output voltage increases. If a negative signal is used 88 the input,' the output voltage 
decreases for the same reason. The output voltage in this type o{ ampli:fier is always 
in phase with the input signal. This configuration is similar to! the grounded grid 
vacuum tube amplifier. J 

(2) The common collector amplifier.-The "common collector ampli:fier iS also known 88 an 
emitter follower and is similar to the vacuum tube cathode fon+.. In this config­
uration, the collector is common to the input and the output (fig.,21). The output 

J!'igare 4-21.--<:ommon-CoDeetor AmpJifier (NPN). 
I 
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is taken from between the emitter and collector terminals and the input is impressed 
between the base and collector. The proper biases on the collector and emitter are 
maintained. During positive voltage input signal, the voltage across R increases and 
the output voltage decreases; the opposite is true for negative input. The output 
signal is in phase with the input signal. 

(~) The common emitter amplifier.-With this configuration, the emitter is common to the 
input and output (fig. 4-22). A positive input signal causes a decrease in the output 
voltage and a negative input causes an increase in output voltage. The output signal 
is out of phase with the input. This circuit is similar to a grounded cathode vacuum 
tube circuit. 

~--------~--------~--------o 
Figure 4-22.--common-Emitter Amplifier (NPN). 

(4., Conclusion.-In a discussion of this type, the actual mathematics and physics of the 
operation of transistors have been omitted. The descriptions provided will enable the 
student to acquire a general understanding of solid-state phenomena. Further analyses 
may be found in other publications and the reader is encouraged to delve as deeply 
into the subject as time and effort permit. The following paragraph (The Tra:nsistor 
as a Switch) will also he presented in a simplified form. 

4105. The Transistor as a Switch. 

a. lntroduction.-The word ~·swjtcJ!:' is simply a term which has come into common usage; 
the correct term in this case is multivibrator. Other modifications of the multivibrator 
which have been given common names are "1lip-1lop", "binary", and "toggle". The entire 
field of multivibrators encompasses a broad area in the application of both vacuum tubes 
and transistors. This chapt.er will discuss only those types of transistor multivibrators 
most frequently encountered in the KW-7. Physically, the multivibrator is a regenerative­
type amplifier employing two separate stages. The electrical operation of this device is 
characterized by the fact that conduction in one of the stages causes a voltage cutoft in 
the other stage. Essentially, this is accomplished by high positive voltage feedback. These 
states of operation are spoken of as end-states. The multivibrator circuit may be either in 
the stable or quasi-stable condition. If a circuit is in the stable condition, it will remain 
in one of the twc· end-states indefinitely unless externally excited. A circuit in the quasi­
stable remains in one end-state for a definite time period, determined by the values of the 
circuit elements. It then returns to the other end-state. Multivibrators are classified as 
either astable (no stable states), monostable (one stable state, one quasi-stable state), or 
bistable (two stable states). 

b. The Astable Multivibrator.-The astable multivibrator is depicted in figure 4-23. This type 
of multivibrator, also called the free-running multivibrator, has no stable states. It oscil­
lates between tw•l quasi-stable states. The output waveform from this device is usually 
rectangular, thus it is commonly employed as a pulse generator for testing digital circuitry. 
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Conduction in one transistor causes cutoff in the other, and the oscillations are repetitive 
as long as power is constantly applied; an on-oft' action of the transistol!s is ~bus achieved. 
Pulse width and repetition time are functions of the R-C time ~ts. If sufficient 
collector voltage is not supplied, or if the device is designed for too !high a frequency, 
a truly rectangular waveform will not be achieved. I 

_1_ 

Figure 4-28.-Astable Multin"brator. 
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c. The Monostable Multivibrator.-The circuit arrangement for the monostable multiVIbrator, 
also called the one-shot multiVIbrator, is shown in figure 4-24. The monoStable multivibrator 
has one stable state and one quasi-stable state, but it does not oscillate like the astable 
type. The circuit remains in the stable state (one transistor on and the other otr) until it 
is triggered by an external pulse. It remains in this new quasi-stable state for a period deter­
mined by the value'ofthe coupling capacitor and associated resistance. I~ then returps to its 
original condition. Each applied trigger produces one rectangular pulse, !hence the name of 
one-shot multivibrator. Digital computers employ the monostable muiti{,.brator as a gating 

'Cievice, as a tilDe delay device, and as a pulse width varier. Either a ~tive. or a negative 
pulse may be applied to the device. I - · · 

1L n. 

Figure 4-24.-Monostable Multivibrator. 
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d. The Bistable Multiuibrator.-The basic circuit from which all types of bistl.lble multiVIbrators 
are developed is shown in :figure 4-20 and is known as the Eccles-Jordan _trigger circuit. 
The bistable multivibrator is commonly referred to as a "1lip-:flop". ..qte :flip-:flop derives 
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its name from the actual operation of the bistable multivibrator which has two stable states. 
The device can rest in either of these two states until an external trigger is applied. Unlike 
the monostable multivibrator, the bistable multivibrator must be retriggered to return it to 
its original state. The most common use of the bistable multivibrator is for "storing,. 
either the ONEs or ZEROs of the binary numbering system used in digital computers. 
Various arrangements of ftip-fiops may be constructed to perform arithmetic operations such 
as addition, subtraction, multiplication, and division. The bistable multivibrator may also 
be employed to generate rectangular pulses, but two trigger pulses are required to form 
the wave. The logical flip-flop, most commonly used in digital computer circuits. is similar 
to the basic Eccles-Jordan trigger circuit with the following modifications: 1) logical switching 
circuits are placed at the input and output, 2) provisions for resetting the ftip-flop are 
provided, 3} circuitry is added to render the ftip-flop useful in systems employing square 
waves, and 4) output circuits are added to provide a means of monitoring the state of the 
flip-flop. 

I' I • 
~~~_..A,_ 

Figure 4-25.-Bistable Maltivibrator. 

e. Conclusion.-In multivibrator application, the input of one amplifying stage is directly con­
nected to the output of the second stage. Employing the three types of multivibrators 
and the various configurations within each classification, many useful devices may be con­
structed. It is these various devices that have lent to the rapid development of digital 
techniques. 

4106. The Schmitt Trigger. 

a. Tntroduction.-The Schmitt trigger differs from the ordinary bistable multivibrator in that 
one of the coupling networks bas been replaced by a common-emitter resistor. The Schmitt 
trigger is in reality an emitter coupled bistable multivibrator (fi.g. 4-26). In the operation 
of all types of electrical equipment, electrical noise is always present in varying degrees of 
~itude. Noise waveforms not only enter between signal pulses but they may very well 
affect the signal pulse itself. Since digital computers are made to respond to specifi.c types 
of waveforms, it often becomes necessary to reshape these waves. This function is performed 
by the Schmitt trigger which converts any input signal to a rectangular wave of fixed 
amplitude. 

b. Operation.-The end state of a Schmitt trigger is determined by the amplitude of the input 
signal relative to a fixed preset level. This level is established by the base to emitter bias. 
Figure 4-26 illustrates a typical Schmitt trigger, with a signal applied to the input terminals 
which is more positive than the preset level, the output transistor saturates. This provides 
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a maximum positive voltage at the output terminals. When the input returns to a level 
below the reference point, the cirCuit changee state and the output transistor goes to cut oft'. · 
The output voltage is then at the maximum negative value. Typical input and output 
waveshapes for a Schmitt trigger'are shown in figure 4-27. 

T 
Output 

Input 

Preset 
Signal 
Level 

1_ 

Waveform 
Produced 
by 
Schmitt 
Tr.gger 

_i 

I 

Figure 4-26.-Typieal SehmiU Trigger. 
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4200-DETAILED THEORY, BASIC KW-7 CIRCUITS 

4201. General-Logical operation of the KW-7 is accomplished by the arrangement of basic 
circuits in many functional configurations. These basic circuits are packaged in modules which 
serve as the building blocks of the KW-7 system. The modules, or logic elements, contain 
one or more circuits, the operation of which may be modified by external connections. A 
prerequisite for an understanding of the KW-7 is a thorough knowledge of the operation of the 
various logic elements. The discussions that follow are supported by schematic diagrams of 
the logic elements. Included in each diagram is the appropriate logic symbol and, where 
applicable, a truth table which defines the input/output relationship. Those modules which 
were designed for specific application are not covered here. These units are described within 
the coverage for the specific circuit where they are used. 

4202. NOR Gate (fig. 4-28).-Two logic elements contain the circuits which perform the logical 
NOR function. One of these elements (fig. 4-28) may be connected to provide two independent 
two-input NOR gates. The other element (fig. 4-29) may be connected to provide two in­
dependent three-input NOR Bgates. The logical NOR function may be represented by the 
boolean expression X - A + , where X - output and A and B are the input signals. This ex­
pression is read "not A orB". The combination of "not" and "or'' provides a ONE output 
when both inputs are ZERO. With any other input conditions the ouput is a ZERO. In this 
example a two-input gate has been used. The principle is the same, however, regardless of the 
number of inputs--the output is a ONE only when all inputs are ZERO. The truth table for a 
two-input NOR gate is shown in figure 4-28. 

a. Two-Input NOR Gate.-The element illustrated in figure 4-28 contains circuits which may be 
connected to form two individual NOR gates. A single independent NOR gate may be 
formed when input signals are applied to terminals 6 and 7 and terminals 3 and 5 are 
connected. The output of the gate is available at terminal 11. The NOR gate consists of 
two-basic parts: a diode OR and an inverter. The OR gate is formed by diodes CRl and 
CR2 and resisr..or Rl. The inversion is performed by transistor Ql and associated com­
ponents. The input at terminals 6 and 7 are either logical ZERO's or ONE's (in the KW-7 
the logical ZERO has been defined as a -6-volt signal, tbe logical ONE as a 0-volt signal). 
Because of the negative bias applied to their cathodes through R7, CR1 and CR2 conduct 
when a logical ONE (0-volts) is applied to their respective input terminals. With either or 
both diodes conducting a positive voltage is fed through the coupling network composed of 
capacitor CI and resistor R3 to the base of Ql. This cuts the transistor oft' and the full 
supply voltage appears at the collector. This voltage, -6V, represents a logical ZERO and 
is the output of the NOR gate. In the case where a logical ZERO is applied to both 
input terminals, neither diode conducts and the condition of the inverter is determined by 
the base-to-emitter bias. The base of Ql is tied to the junction of resistors R3 and R5 
which with Rl form a series voltage divider connected between the +6 and - 6V DC 
supplies. This forward biases Q1 and saturates it. Since the emitter connection is returned 
to ground, the transistor conducts. This results in a large voltage drop across the load 
resistor and a collector voltage which approximates zero volts-a logical ONE. With a 
single input the circuit operates as a simple inverter, producing a ONE output with a 
ZERO input and a ZERO output with a ONE input. Additional diodes may be added to the 
input circuit, permitting each transistor to handle up to five inputs. To reduce the level of 
the logical ZERO from -6 to approximately -5.1 volts, terminal 12 is shorted to terminal 
11. This connects resistor R9 across Ql. 

b. Three-Input NOR Gate.-Figure 4-29 illustrates the schematic of the module which may be 
connected to form two three-input NOR gates. In addition to the schematic, figure 4-29 
also illustrates the logic symbol and the truth table for the three input NOR gate. For 
transistor Q2 to operate as an individual NOR gate it is necessary to jumper pins 12 and 13 
together. Transistor Ql operates as a NOR gate without further connections. If both 
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Figure 4-28.-Two-IDpat NOR Gate/Inverter Module, Sehematic: Diagram. 
.. . ! • 

trllDSistors are to be used 88 NOR gates with a common output, pin 12 ~ be jumped to 
pin 11 and MSistor R7 would then be used as the common collector load resistor. For 
transistor Ql to operate 88 a three input NOR gate, it is necessary to jumPer pine 2 and 4 
together. The theory of operation for the three input NOR gate is the same as that for the 
two input NOR gate. i 

I 
. I .uoa. Truneated Diode.-To give versatility to the use of the Two-Input and TJilree-Input NOR 

gates, two diodes in each module are not internally connected to the input; circuit. These 
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diodes (CR2 and CR4 of the Two Input NOR gate and CRS and CR5 of the Three Input NOR 
gate) may be used to supplement the input of either of the two types of NOR gates. This 
permits a maximum of five inputs. A truncated diode is drawn on the logic diagrams only when 
the diode contained in one module is used to supplement the input of a Two Input or Three Input 
NOR gate contained in another module. Figure 4-29 illustrates the logic symbol for the trun­
cated diode. 
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4204. Inverter.-Figure 4-28 illustrates the schematic for the two-input NOR gate. When either 
portion of this gate (transistor Ql and Q2) ~ utilized with a single input (either pin 6 or pin 
9) the NOR gate acts as an inverter. The inverter inverts the logical value of a single input 
signal. In addition to the schematic, figure 4-28 also illustrates the logi~ symbol and the 
truth table for the inverter. The theory of operation for the inverter follc>ws that discussed 
for the two-input NOR gate and need not be repeated. : 

4200. Low Speed Flip-Flop (fig. 4-30).-The low speed :flip-flop circuit is a c:oD.ventionsl Eccles­
Jordan bistable multivibrator. This circuit differs from the bistable multivibrator primarily in 
the base emitter arrangement. In the stable state, one transistor is conducting (ON) while the 
other is cut off (OFF). The states of the transistore are switched with the application of a 
properly applied trigger pulse. In addition to the schematic, figure 4-30 ~ illustrates the 
logic symbol for the low speed flip-flop. 

a. Circuit Operation.-':!}8 application of a pegathm trigg£r pulse to the base of the cutoff 
!!!JSi!!1;nr or a poajtjve pulse to the base of the conducting transistor will switch the con­
.ucting state of the circuit. Figure 4-30 shows two separate inputs: pins 1 and 2 and 7 

an'"if 8. It should be mentioned that pins 1 and 2 feed an AND gate (capacitor C3, resistor 
R7, and diode CR1) and pins 7 and 8 also feed an AND gate (capacitor C4, resistor R8, and 
diode CR2). The operation of the AND gate is described in a later subparagraph and need 
not be explained here. It will suffice to mention that the output from this gate is a ±6 volt 
p~ when a logical ONE is applied to the resistor and a vositive sroinll PUlse is a ,. -" 
to the capacitor. In addition to thtll!e tWo AND gates, provision is made for the external 
aadltion of eitia AND gates. Pins 4 and 9 serve this purpose. 

b. Trigger Pulse Application.-Assume that transistor Q1 is conducting and transistor Q2 is 
cut off. A positive input from pins 1 and 2 causes transistor Ql to cut off. The drop in 
collector current in transistor Ql causes the collector voltage to decrease. This change in 
voltage is coupled to the base of transistor Q2 and increases its forward, bias; conduction 
in transistor Q2 begins to increase. The collector current increases, and thk collector voltage 
changes from a negative value to a more positive value. This change in toltage is coupled 
to the base of transistor Ql, making the base more positive and further decreasing the 
conduction of the transistor. The regenerative feedback continues until transistor Ql is in 
a cutoff condition and transistor Q2 is conducting at saturation. The ~e constants of 
capacitor Cl and resistor R2, and capacitor C2 and resistor R3 essentially determine the 
fall time (from conduction to cutoff) of both transistors. It may be noted that during thti 
rapid transition period, both transistors conduct. In one transistor the knduction is in­
creasing and in the other the conduction is decreasing. The output taken ~een collector 
and ground is a unit step voltage when one trigger is appJied. To arrange the circuit as a 
complementing flip-flop the following terminals are connected together: 2 t'p 10, 7 to S, and 
1 to 8. When these connections are made an enabling signal need not tie applied to the 
input gate and the flip-flop changes state with a trigger at either input te:nninhl. 

. I 
4206. Medium Speed Flip-Flop (fig. 4-31).-The medium speed flip-flop is a contentional bistable 
multi vibrator. The theory of operation is essentially the same as that of the I speed :ftip-flop, 
which is descn'bed in the previous paragraph. Circuit differences which are in the input circuit 
will be discussed here. This module is used only in the divide-by-20 counter. For this reason 
the circuit is arranged as a complementing flip-flop. The binary input to the 'p-flop is appJied 
to terminal 5. Steering diodes CRl and CR5 insure that the positive input p-plse is applied to 
the base of the conducting transistor. In some cases a delete pulse is fed hac~ to the :ftip-flop. 
This signal is applied to terminal 7 and results in a logical ZERO at output teru:U¥ 3. 

a. Exremal Connectio118.-The following terminals are connected: 9 to 10, 3 t'p 6, and 2 to 4. 
When the circuit application requires a delete input, terminal 8 is grounded and a feedback 
pulse is applied to terminal7. i 
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b. Circuit Operation.-As P_!evi,9US1y .stated, ~e.~~um speed :flip·:fl.op jJ arranged as a com­
plementing :flip-:flop. "This stage change!!~ ~f!!Y time one input ~ is applied tQ term· 
inal5. Diode steering gates associated with each transistor insure that the input is apj)Jied 
to the base of the conducting transistor. The steering gate for transistor Ql is formed by 
diodes CRl and CR2, and for Q2 by diodes CR4 and CR5. Assuming that Ql is conducting 
and Q2 is cut oft', CRl is biased on by the collector voltage of Ql, while CR5 is biased 
oft' by the collector voltage of Q2. With CR5 biased oft', no cunent :flows through reistor 
R4 and a - 6 volt potential is applied to the anode of CR4. This bias prevents CR4 from 
conducting when an input pulse is applied through terminal 5 to capacitor C5. However, 
with CRl biased on, there is a large voltage drop across Rl and the potential at the anode 
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of CR2 is such that the diode is forward biased. In this condition the positive input pulse 
is coupled through C3 and CR2 to the base of Ql. Circuit operation is the same when Ql 
is cut off and Q2 is conducting. In this case, CR4 is forward biased and CR2 is reverse 
biased. When the feedback gate is used, terminal 9 is grounded; this pennanently enables 
an AND gate consisting of diode CR3, resistor R9, and capacitor C4. The feedback pulse 
occurs when the output of the ftip-1lop would normally be a logical ONE. This pulse, applied 
to the base of Ql, cuts otr the transistor and returns the output (taken from the collector of 
Ql) to a logical ZERO. 
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4207. AND Gate.-Figure 4-32 illustrates the module which contains the various external AND 
gate combinations utilized by all low speed :flip-flops and one-shot multivibrators. The function 
of the AND gate is to provide triggering when an enabling level and a trigger pulse are 
simultaneously applied to the input terminals. In additbn to the schematic, figure 4-32 also 
illustrates the logic symbol and the truth table for the AND gate. 

Note: The term AND is derived from the logical operation of the circuit; if A "and" B are 
"one's" then the output is a "one". It should be noted that the ONE output of the 
AND gate is a +6 volt pulse. This applies oDly to the AND gate. 

a. AND Gate Combinations.-The AND gate module contains six individual AND gates. All low 
speed :flip-flops have provision for addition of four external AND gates to each side of the 
flip-flop. The low speed flip-flop also contains two internal AND gates which are identical 
with AND gates 3 through 6 (fig. 4-32). To add an input to each side of a ilip-ilop any 
pair of AND gates 3 through 6 are connected to the :flip-flop input. When three inputs are 
required to any one side of a :flip-flop, AND gate 2 is used with one of AND gate a through 6. 
Resistor R4 (240K), returned to +6 volts, compensates for the loading effects of the three 
AND gates on the :flip-11.op. When four inputs are required to any one side of the :flip-flop, 
AND gate 1 is used with two other AND gates selected from gates 3 through 6. Resistor R2 
(lOOK), returned to +6 volts, compensates for the loading effects on the ftip-ilop. By 
adding AND gate 2 to this combination, the input gates are increased to the :rnuimum of five. 

b. Circuit Operation.-The output of the AND gate is a +6 volt pulse oDly when both inputs 
are logical ONEs, providing that the level input (shown by the straight line input) to the 
resistor arrives before the pulse signal input (shown by the arrow input) to the capacitor. 
A positive-going transition at the capacitor input always causes the capacitor-resistor net­
work to create a positive-going pulse with a 6-volt step. If the enabling ONE (0 volts) 
is present at the resistor input prior to the pulse input to the capacitor and the capacitor 
has charged sufficiently, this 6-volt step passes through the diode and appears at the AND 
gate's output as +6 volts. If the resistor input remains at the ZERO level, ( -6 volts) 
however, the 6-volt step results in a 0-volt level being applied to the diode. Under this 
condition, the diode can not conduct and therefore the AND gate has no output. From this 
discussion, it is apparent that the 6-volt step is always referenced to whatever voltage is 
present at the resistor input. 

4208. One Shot Multivibrator.-Figure 4-33 illustrates the schematic of the module which may 
be connected as either a one-shot multivibrator or a Schmitt trigger. The following discussion 
describes the operation of the module when it is arranged as a one-shot niultivibrator. This 
circuit produces an output pu1se of a predetermined duration each time 'Pl input trigger is 
applied. Included in the module is an output amplifier. The logic symbPJ. for the one-shot 
multi vibrator is included in figure 4-33. I 

. . 
a. Circuit Operation.-The application of a positive trigger pulse to the base of the conducting 

transistor will switch the transistor from its stable state to its quasi-stable state. Figure 
4-Sa illustrates one input and two outputs (pins 8 and 3). The one7shot multivibrator 
produces a logical one (0 volts) at pin 3 whenever the circuit is triggered ~Y a positive pulse. 
When no positive input is applied to the circuit the output at pin a is a logical ZERO (-6 
volts). In order for this circuit to operate as a one-shot, pins 3 and 4 and pins 7 and 9 
must bejumpered together. 

b. Trigger Pulse Application.-With pins 7 and 9 tied together, a negative voltage is applied to 
the base of transistor Ql causing it to conduct. This causes a positive voltage to appear 
at the base of Q2, which presents a positive voltage to the base of Q3, the output stage. 
The positive voltage at the base of Qa (reverse bias) cuts this stage o:D' and therefore causes 
the output to assume a logical ZERO (-6 volts) state. Thus, the quiescent output level of 
the one-shot multivibrator is a logical ZERO. To trigger the one-shot multivibrator a 
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Figure 4-33.-<>ne Shot/Schmitt Trigger Module, Sc:hematie Diagram. 
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positive going pulse is applied to pin 6 from an AND gate (see 4207 above). This positive 
going transient cuts stage Ql off causing Ql collector voltage to go negative. The negative 
going collector voltage at Ql is coupled to the base of Q2 causing the Q2 collector current 
to increase. The increase collector current has a dual effect and the resultant negative-going 
swing at the emitter is coupled to the base of output stage Q8. This drives Q8 to saturation, 
producing a logical ONE at the output. At the same time the positive-going collector 
voltage forward biases CRl and charges Cl-such that stage Q1 is cut off. Ql will be held 
off (causing the output to remain at a logical ONE) by this positive feedback network 
long after the input transient which caused this condition has disappeared. Cl then dis­
charges towards -6 volts but becomes clamped at ground (34 microsecondsl by the base 
emitter junction of Ql. At this time the one-shot multivibrator resumes its quiescent state 
causing the output to retum to a logical ZERO (-6 volts).· 

4209. Schmitt Trigger.-The discussion that follows is concerned with operation of module 
described above when it is connected as a Schmitt trigger. The Schmitt trigger is essentially a 
conventional Eccles-Jordan bistable mUltiVlDrator with one of the regenerative coupling networks 
replaced by a 24K resistor ~). This particular arrangement provides additional regenerative 
feedback to obtain a faster swit.chlng time. In addition to the schematic of the Schmitt trigger, 
figure 4-83 also illustrates the logic symbol for the Schmitt trigger. Schmitt trigger operates in 
one of two stable states. When the circuit is triggered by a positive external signal it. is 
switched from one stable state to the other. It will remain in this state until the external 
input signal drops below the triggering level. At this time the circuit will revert to its original 
state. 

a. Circuit Operation.-The application of a positive voltage to the base of the conducting 
transistor will switch the conducting state of the circuit. Figure 4-83 illustrates one input 
(pin 5) and one output (pin 8). The Schmitt trigger produces a logical ONE .output (0 volts) 
at pin 8 whenever the input at pin 5 is a logical ONE. When the input to pin 5 is a logical 
ZERO ( -6 volts), the output at p~ 8 will be a logical ZERO. In order for the Schmitt 
trigger to operate, pins 3, 4, and 7 must be jum.pered together. 

b. Trigger Pulse Application.The operation of the Schmitt trigger in the quiescent state is 
identical to that of the one-shot multivibrator and need not be repeated. When pulsed, 
however, operation is quite different. The purpose of the Schmitt ,trigger is to "square" the 
input pulse. That is, decrease the rise and fall times of the applied pulse. When the 
leading edge of a pulse is applied to the input (pin 5) it resembles a ramp function (long rise 
time). Ql will be gradually reverse biased. The effects of this reverse bias are amplified 
by Q2 and Q3 and then fed back to the input of Q1 through R2, further reverse biasing Ql. 
This effect avalanches with the result that the ramp function is converted into a step with ~ 
fast rise time. The opposite effect takes place when the input pulse starts to fall towards 
a logical ZERO (-6 volts). The output of the Schmitt trigger then is a replica of the input 
pulse except that it is "squared" and amplified. 

4%10. AmpHfier.-Figure 4-34 illustrates the module which contains two independent circuits, 
each of which may be connected as either a power amplifier or a lamp driver. In addition to 
the schematic, figure 4-34 also illustrates the logic symbol for the amplifier. The discussion 
that follows descn'bes operation of an amplifier. For purposes of clarity o~y one of the two 
amplifier circuits will be discussed. For transistors Q1 and Q2 to operate :as an amplifier, "it 
is necessary to jumper pin 2 to pin 4. (If the other half of the circuit were used. pins 6 and 
8 would bejumpered together.) The output of the circuit is taken from pin 4' (pin 6, if the other 
half of the circuit is used). 

1 

a. Circuit Openztion.-The amplifier consists of an emitter follower (Ql) and' a common emitter 
amplifier (Q2). The emitter follower is used in the circuit as an impedance ma~g device 
for the input and output signal (high input impedance and low output impedance). 
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Figure 4-34..-Power Amplifier/Lamp Driver Module, Sehematie Diagram. 
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b. Input Signal Application.-A logical ONE (0 volts) applied to the base of transistor Ql is 
impressed on the base of Q2 through emitter resistor R2. This positive-going voltage causes 
transistor Q2 to become cut off and causes the collector voltage to decrease to a negative 
value. This negative output is taken from pin 4 and is used throughout the KW-7 circuits. 

4211. Lamp Driver.-When properly connected, the module described in the previous paragraph 
(fig. 4-34) may be used to form two independent lamp driven. For purposes of clarity only one 
lamp driver circuit will be discussed. The lamp .driver physical configuration is identical with 
that for the amplifier circuit discussed in the preceding paragraph. .For transistors Q1 and Q2 
to operate as a lamp driver, it will be necessary to jumper pin 5 to pin 3. (If the other half 
of the circuit were being used, pin 7 would be jumpered to pin 3.) The two outputs from this 
circuit are taken from pin 6 (pin 4 from the other half of the circuit), and pin 10 (pin 12 from 
the other half of the circuit). Pin 12 and pin 10 reepectively mpply voltage to the remote box 
lamp driver. The only difference between the lamp driver and the amplifier is that one side of 
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an indicator lamp is tied to pin 4 and the other side of the indicator lamp to a -6 volts. A 
logical ZERO input (-6 volts) to the lamp driver will apply a logical ONE (0 volts) at pin 4 
and cause the indicator lamp to light. 

4212. Remote Control Unit Lamp Driver.-Figure 4-35 illustrates a string of four lamps drivers. 
These lamp drivers operate on separate inputs and each output (pins 2, 8, 4, and 6) is tied to 
one side of an indicator lamp; the other side of the indicator lamp is tied to -6 volts. The 
application of a logical ZERO input (-6 volts) to any of the input pins (pins 9, 8, 7, or 6) 
will cause the indicator lamp to light. The remote control unit lamp driver must be used in 
conjunction with the lamp driver (fig. 4-36) with one of the input pins (pins 6, 7, 8 or 9) being 
connected to pin 10 or 12 of the lamp driver. 
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Figure 4-36.-Relay Driver Module, Sehematie Diagram. 
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4213. Relay Driver.-The module illustrated in figure 4-36 is a simple emitter follower which is 
used to provide driviDg current for a relay circuit. The output signal, developed across resistor 
R4, is taken from terminal 7. A decoupling network consisting of resistor Rl and capacitor Cl 
prevents the feedback of transients to the output terminals of the -6 VDC supply. Also 
included in the module is a diode, CRl, which may be connected across a relay coil to provide 
transient suppression. 
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figure 4-37 .-Time DelaJ Modale, Sehematie Diagram. 
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4214. Time Delay (fig. 4-37) .-A time delay circuit is used to provide a short time delay between 
the application of power and the initial setting of the logic circuits of the KW-7. This circuit 
is formed by resistor Rl, capacitor Cl, and diode CRl. When power is applied to the unit a 
-6 volt potential appears at terniina1 4 and a +6 volt potential at terminal 5. At this time 
the output of the module, at termin8I 3 is a +6 volt signal. .Aa the capi!cltor changes the 
voltage changes in a negative direction. The circuit values are such. that this change is relatively . 
linear and the output is a negative-going ramp signal. This sigiial is applied to the input of a 
Schmitt trigger. After a period of 200 milliseconds the signal reaches the triggering level of the 
Schmitt trigger and the initial set signal is generated. Included in the module are four 20K ohm 
resistors which may be used to attenuate the output of a NOR gate. Such attenuation is 
required when the NOR output is used as the transient input for an AND gate which has been 
enabled by the output of a ffip-ft.op • 

4216. Set Driver (fig. 4-38).-The schematic of a set driver is illustrated in figure 4-88. The 
module provides a ZERO volt negative pulse which is used to set a large number of ili.p-1lops. 
The input to the module, applied to terminal 4, is a 6-volt positive rectangular pulse with a 
duration of approximately 34 microseconds. The module contains two transistor circuits. One 
of these, Ql, is a PNP transistor which is normally conducting. The other, Q2, is an NPN 
transistor which is normally cut off. The input pulse is applied through capacitor C2 and diode 
CRl to the base of Ql, cutting the transistor off. (Q2 is held in this state by the charge on 
Cl.) This causes the output voltage at terminal 1 to drop from +6 volts to 0 volts. The 
input pulse is also applied to a time delay network consisting of Ll and.L2, R3 and R4, and 
C3. This network provides a brief time delay before the pulse is applied to the base of Q2. 
The application of the positive input pulse causes Q2 to conduct, lowering the output voltage 
to approximately -10 volts. Q2 conducts for the duration of the input pulse. When this 
pulse is terminated transistor Q2 returns to cutoff. The output now rises to 0 VDC and remains 
at this value until Cl has discharged sufficiently .for Q1 to begin conducting. When Ql conducts 
the output voltage returns to its quiescent value of appro:zimately 46 VDC. 

4216. Digital to Aualog Module 1 Through 3.-These modules are described in paragraph 
4404landm. 

4217. Loop IDput.-This module is descn"bed in paragrap~ 4402c. 

4218. Speeial One-Shot.-This module is described in paragraph 44o2e(3). 

4219. Noise Generator, Gate and Amplfler.-These modules are descn"bed in paragraph 4402e . 
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4300-FUNCTIONAL OPERATION 

4801. General.-The following discussion describes, at a block diagram level, the functional 
operation of the KW -7. This functional description is divided into two parts: Extensor and 
Control, and Key Generator. In this manner it is possible to observe the· functional operation 
of the KW-7 logically. Signals enter the Extensor and Control and are coupled to the Key 
Generator. 

a. Block Diagram Symbols.-Before any discussion of the block diagrams can be attempted, it 
is necessary to explam some of the symbols and abbreviations used on the individual dia­
grams. Each functional section, contained within both the E~r and Control and the 
Key Generator, is identi1ied by individual titles. Within each functional section are several 
blocks which define those circuits composing the functional section. In this manner it is 
possible to relate the entire functional section to individual circuit operation. Inputs and 
outputs are given short titles wherever possible. All outputs which are used by a functional 
section not on the block diagram being discussed, are referenced to the applicable diagram 
(e.g., if an output, located on fig. 4.,:J9 goes to a functional section on fig. 4-40 then the 
output is so designated). 

b. Block Diagrams Abbmliations.-ln addition to the drawing conventions just descrihed., some 
discussion of signal names and abbreviations is necessary before the individual block dia­
grams can be properly used. Most signal names are simply abbreviations of the name of 
the circuit or functional·unit in which the signal originates. Thus, the output bit rate char­
acters, generated by the output bit rate and character counter, are identified as OBR (Out­
put Bit Rate). In the case where a circuit generates~ opposite outputs (one high and 
the other low), the outputs are designated X and X (not X). The Not sign (X) is assigned 
to the signal. line that is Set low (a ZERO) when the equipment is operating properly. The 
X designation applied to the other line indicates that the signal .on that line is set high 
(a ONE). Although these level designations are arbitrary, they are useful in indicating 
the starting condition of each signal. 
(1) In the case of a functional unit containing several identical circuits with outputs taken 

from one or more of these circuits, the circuits themselves are numbered sequentially 
and the signa1s from these circuits carry the same number. For example, Output Bit 
Rate and Character Counter contains eight identical circuits (:ftip-fiops) which are num­
bered sequentially from 0 to 7. An output signal is taken from each circuit, spe­
cifically from the circuit output side that is presently being employed by the system. 
These signa1s are therefore identified as OC (output counter) 0 through 7 (OCO through 
OC7). 

(2) Whenever an output, generated by a functional section, is fed to another functional 
section located on the same figure, it will not necessarily be referenced. In the cases 
where the output and input are located in close proximity it was possible to draw con­
necting lines, in the cases where this was not possible, it is left to the ability of the 
reader to locate the proper input iri relation to an output from another functional 
section. 

4302. Theory of Operation, Functional Units.-The following paragraphs describe the 
operation of the individual functional units which comprise the KW-7. 

4303. Extensor and Control.-The extensor and control processes and retimes the input 
information before it is applied to the key generator. Figure 4.,:J9 illustrates the extensor and 

·control as broken d~ into the following functional blocks. 
Time Standard Receive Phasing 
Clock Poise Generating . Indicator Control 
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Input Counter 
Output Counter 
Data Input 
Phase Correction 
Data Extensing 
Output Control 
Send Normal 
Receive Normal 

Indicator 
Normal Generating 
Send Phasing 
Break Generating 
Audib1e Alarm 
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S. T. Power Set, Power Set, and Set Generating 
Randomizer and Alarm 

In thls section, the blocks are discussed only in terms of their purpose and major input-output 
signals, in a later section, the operation of each block is discussed in detail. 

a. Time Standard Circuit.-The time standard furnishes a stable 1 MC sigDal which is the 
source for the timing signals required in the KW-7. 

b. Clock Pulse Generating Circuit.-The clock pulse generating circuit reduces the frequency of 
the 1 MC time standard to a frequency which is compatib1e with teletypewriter operation 
The clock output is manually set to one of three frequencies by the WPM (words per minute) 
selector switch. 

c. Input Counter Circuit.-The input counter counts down the clock frequency in order to 
generate the input bit rate (IBR) and the input character rate (IC7} timing pulses. These 
pulses are used primarily to sample (examine) the incoming information at specified times. 

d. Output Counter Circuit.-The output counter counts down the clock frequency in order to 
generate the following timing pulses: OBR (output bit rate) CTRP (output character 
rate), P, Pd, START, OBR·BIT 1, START, and STOP. Pis a 34 microsecond pu]se which 
is derived from CTRP and thus occurs at the output character rate. Pd is identical toP, 
but delayed 34 microseconds. S"rART and OBR, in conjunction with OBR ·BIT 1, are 
used to compare locally-generated timing with the timing of the incoming data so that the 
local KW-7, if in receive mode, can be synchronized to the sending KW-7. START and 
S'l'O_P_.Ii!l"e ~d d~ B!!Dd operation to. ~lft.tbs.t_b_Jg,y_generator will not encipher 
the start and stop baud of each ~. 

e. Data Input Circuit.-The data input circuit accepts data from a local loop teletypewriter 
(send mode) or from the line (receive mode) and gates it to the phase correction and data 
exteneing circuits. ABIN will consist of locally-generated loop information during send, 
and line information during receive. 

f. Phase Correctio.'l. Circuit.-The phase correction circuit is used during receive to compare 
the locally generated timing with the timing of the input data. If the two are out of phase, 
the phase correction circuit shiftB the local clock frequency until the local timing matches 
the input data timing. 

g. Data Extensing Circuit.-The data extensing circuit momentarily stores input data ABIN 
until the key generator portion of the KW-7 is ready to accept it. The data extensing 
circuit consistB of three shift registers, SRA, SRB, and SRX. Operation of these shift 
registers during send differs from the operation during receive, as described in the following 
paragraphs. 
Cl) Send operarion.-During send operation, the data exteneing circuit converts 7.42 baud 

real-time asynchronous ABIN loop data (from the local TTY} into 7.0 baud network­
time synchronous E data. The synchronous E data is then fed to the key generator 
where it is combined with key to form cipher. 
ca) Data extensing is accomplished as follows. The first ABIN character is stored in 

SRA, sequentially, one bit at a time, with a total time of 7.42 bauds required to 
complete storage. At Pd time this character is transferred to SRX and then 
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immediately abifted. out of SRX at the OBR rate. Since there is no fixed time 
relationship between the l.oadiug of SRA. and the occurrence of Pd, Pd can occur 
immediately after SRA. is loaded, or it can occur up to a full character time later. 

(b) Similarly, the second ABIN character is stored in SRB, transferred to SRX at Pd 
time, and immediately shifted out of SRX at OBR rate. 

(c) The third ABJN cbaracter goes into SRA., from SRA into SRX, and from SRX to 
the key generator. The fourth character goes into SRB, and so on. Thus all 
odd-numbered characters go to SRA., and all even-number8d. cbaracten into SRB. 

(d) It should be noted that the §RX read-out rate (7.0 bauds per character) is greater 
than the data read-in rate <7.42 bauds per cbara.ctm:h If input data is arriving 
continuoUSlY with no time lapse between ch8racters, the SRA-to-SRX or SRB-to­
SRX transfer thne will advance 0.42 baud per character, so that after a certain 
time the transfer will be attempted before SRA. or SRB is fully loaded. The 
send normal circuit detects when this condition is about to occur, by examining 
the AO and BO control signals which are used to determine whether data is avail­
able in SRA or SRB for transfer to SRX. The AO and BO signals combine in a 
MOD 2 adder to generate to an SNA signal. The SNA signal generates CSM 
signal to inln'bit the transfer until the character is fully loaded into SRA. or SRB. 
The SNA signal also inhibits the auto key generator in the Key r.....,erat.or circuit 
via the output control so that pure key is not transmitted in the shlvmM of data; 
during this interval the KW-7 transmits a speed differential t:l (all mark 
~. Normal operation resumes as soon 88 the character h8S fully loaded 
into SRA or SRB. 

(e) During send, the input counter is synchronized once per character by the stop­
start traDsition of the character to the loop input data from the local teletype­
writer. The output of the counter, IBR and IC7 pulses are used to sample the 
input data. In the absence of local ~y, the input counter changes from MOD 6 
to MOD 8 to pelmit detection of phasing characters coming from another KW-7. 

{2) Receive Operation.-Receive (Cipher or Plain Synchronous) operation differs from send 
operation in two respects. 
(a) First, retiming of the input is not necessary. This is because the input data is 

now occurring at 7.0 bauds per character, since it is coming from another KW-7 
instead of a local loop teletypewriter. Second, SRA is used on1y to check the 
validity of the incoming data, (validity is defined 88 at 1east one ZERO informa­
tion bit per character). The contents of SRA. are examined at P time, and reset 
to ZERO 34 microseconds later at Pd time. The data itself is routed continuous]y 
through SRB to SRX. -

(b) In receive plain asynchronous operation, a distant teletypewriter sends 7.42 baud 
asynchronous data to the line input of the KW-7 (data input). The input count­
er counts in MOD 6 and is reset by a MISS pulse each character time. The 7.42 
baud asynchronous data bypasses the extensor via the gated loop in circuit (data 
input). From there the 7.42 data is routed through the loop output circuit to the 
local page printer. The input counter, which has been synchronized by the input 
data is used to sample the data 88 it passes through the output register. 

h. Output Control Circuit.-The output control circuit monitors the shift and transfer controls 
of the SRA and SRB registers during send operation. If information is not available, the 
output control generates an M signal which disables the auto key generator and line output 
circuits, preventing the transmission of pure key in the absence of text. In receive opera­
tion, the output control develops a LOCO (loop output control) signal which controls the 
fiow of information to the local page printer. The LOCO pulse is one baud time in duration, 
and permits the receivers local page printer to start in letter shift. The second LOCO 
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pulse Cand all others following) is produced indirectly as a result of theM signal and is one 
character time in duration. 

i. Send Normal Circuit.-The send normal circuit examines LOOP INPUT data in order to 
determine the counting mode of the input counter, and also controls the transfer of loop 
information into the data extensing clrcuit. Durillg phasing, the input counter is operat­
ing in MOD 8, that is, it divides the input bit rate (IBR) by 8. This is neoesas.ry because 
the phasing characters contain 8 bits in order to be distinguishable from information char­
acters which contain 7 bits (start bit, 5 information bits, and stop bit). During indicator 
and normal, the send normal circuit forces the input counter to operate MOD 6, only if 
active data tra:nsmission exists, or in plain asynchronous mode. The information charac­
ters at these times consist of 7 bits. Operation of the send normal circuit is such that 
when the KW-7 is not actively sending, it is examining its own line input for the presence 
of MOD 8 phasing characters, which are an indication that another KW-7 has initiated 
phasing and intends to begin transmitting. In addition, the send normal circuit generates 
a SHIFT A GATE which tells the receive normal circuit when to shift SRA. When SRA 
is loaded with one character, a SHIFT A signal is generated, to transfer the contents of 
SRA to SRX. SRX is shifted out at an OBR rate. At the same time a SHIFT B gate 
enables shifting of the next character into SRB at an ffiR rate. When SRX hss been 
shifted out, a TRANSFER B signal enables the contents of SR.B to transfer to SRX for 
output shifting. 

j. Receive Normal Circuit.-The receive normal circuit generates TRANSFER Band SHIFT 
A commands for the data entensing circuit. TRANSFER B occurs at Pd rate during 
receive and is generated when the KW-7 enters the normal phase of receive operation. In 
receive, SHIFT A occurs only when ABIN is ZERO, that is, only ZEROS are shifted into 
SRA; the SHIFT A repetition rate at this time is OBR. In send, SHIFT A occurs at the 
IBR rate upon command of the SHIFT A GATE from send normal. 

k. Receive Phasing Circuit.-During receive phasing, the input character counter is operating 
MOD 8 in order to generate an IC7 signal with a period equal in length to an 8 bit character. 
These MOD 8 IC7 signals are used by the receive normal logic to sample the incoming 8 bit 
LINE IN phasing characters. Mter four consecutive s bit LINE !N phasing characters 
haYii!. ~- ~~-!_Jld counted, ;the receive norma.J.. circuit generates a pulse which tells 
~ indi~tor con~ circuit that p~ing has been ~CQmple~. 

l. Indicator Control Circuit.-The indicator control circuit detects when receive phasing has 
been successfully completed, and generates a LOCK IN GATE (LIG) which initiates the 
indicator phase of receive operation. The LOCK IN GATE triggers the send phasing 
circuit and resets the break generating circuit {if necessary). The LOCK IN GATE also 
generates a SET pulse, which resets the KW-7 circuits. 

m. Indicator Circuit.-The indicator circuit is used during indicator phase of operation to 
establish a random starting point for the Fibonacci register of the key generator. During 
the indicator phase of operation, a random sequence of blank and letter characters are 
being shifted out of the SRX shift register. The duration of the indicator phase_is deter­
mined by the time required for the occurrence of 12 blank characters followed by 12 letter 
characters; normally this period will vary from about 7 seconds to 15 seconds. The blank 
and letter character detecting circuits examine the contents of stage SRX5 of shift register 
SRX once during each character period. During send indicator operation, stage SRA2 in 
the SRA register monitors the random signal generator (M2B). Stage SRA2 is set to 
ZERO as soon as a ONE is sensed in the M2B random bit stream. SRA2 then enables a 
m:;x signal to force a blank character (all ZEROES) into the SRX register. Stage SRX5 
of the SRX register then enables the blank character detect circuit which steps the indicator 
counter by one count for every blank character detected. Mter counting 12 ZEROES (re-
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presenting 12 separate blank characters), the indicator counter disables the blanks detector, 
and enables the letters detector. 'The 1etters detector DOW examines SRX5 and blserts one 
count for each Jetter character. The SRX register, under control of OBR is loaded with 
all ONES (letters character) when SRA2 does not S8D88 a ZERO. When 12 letters have 
been counted, the indicator counter generates a signal which tells. the normal genera-
tor that the indicator phase of operation is completed. During normal phase of opera­
~ the indicator counter is used as a BREAK recognition circuit. However. if a 
line b1'e8k occurs, the BREAK detector sees a low line condition (space) at the line input. ./ 
The indicator counter beginS qounting blanks srnd if t.be break mndjtjan has :a.ot JJeen 
relieved by the time tile counter reacbes 12, it generates an INDri signal which triggers the 
·break generator, stOPPiJli the KW-7. During receive indicator operation, the SRA register 
shifts ZEROS as the random message indicator cbaractera are received on the line input 
circuit. As soon as a ZERO is shifted into stage SRA2 the b1ank character detect circuit is 
enabled in the same manner just described for send indicator. (The process of sampling 
SRA2 for presence of a ZERO during receive indicator operation is called voting.) Thus, 
the main dift'erence between send indicator and receive indicator operation lies in the source 
of ~om Jnellllllg8 information and in the method of entering ZEROS into SRA2. 

n. Normal Generating Circuit.-'The normal generating circuit generates the NORMAL signal 
which establishes the conditions requjred to carry out the normal phase of operation. 

o. Send Phasing Circuit.-The send phasing circuit generates the SEND signals which estab­
Hsh the conditions required for send operation. Eight bit phasing information is transmit­

. tAd by the KW-7 as long as the SEND switch is kept depressed. When the SEND switch 
is released, the KW-7 goes into indicator phase. If another KW-7 initiates phasing while 
the local KW-7 is in the send mode, a LOCK IN GATE will reset the send phasing circuit, 
taking the local unit out of send and placing it in receive . 

p. Break Generating Circuit.-The break generating circuit gives the receiving operator a visible 
and awhDle indication of a line break, and allows him to signal the sending operator in case 
of malfunction. The break generating circuit consists of the break generator and the break 
switches. Tha..a,ppU&:at;jon of the ST POWER SET pipal resets the break generator, al­
lowing the KW-7 to go through pbArring and indictor and begin normal operation. If text 
is being satisfactorily received, the indicator counter is continually beiDg reset and is unable 
to generate the INDC signal If a break occurs. the indicator counter counts unti112 sue- v 
cessive bred characters (all spaces) have been received. and then generates an INDC sig-

. nal whiCh triggers the break puerator. The break generator disabJea the receiyiDB KW-7 and 
cmergfzes the BREAK indictor lamp and audible alarm, Three manually operatAd switches 
are provided in the bi'8lik generating circuit. 'l'hese are the BREAK switch, the BREAK 

. RESTORE switch and the BREAK FUNCTION switch. The BREAK switch allows the 
receiving KW-7 operator to generate a BRK and a Bim: signal when he observes garbled 
text or wheii he Wi8he8 to assume command Of the netWork: The BRK 8iiD&l diSilbL!S the v 
line outuut, caushur the local KW-7 to trenerate a 'bi'e8k simal which at.cms the 
tmi .......... triggers a break iiidiCation in an· other J:eceiving units in the network. The 

sipJal resets the local indicator counter. In order to relieve the break condition in his 
own unit· the operator must activate the BREAK RESTORE switch. The BREAK RE­
STORE switch allows the KW-7 operator to end the break condition so that traDsmiasion of 
messages can zesume (assume, of course, that the transmission line has not actually been 
broken). Pressing the BREAK RESTORE switch J:elieves the local break conditions. 
'The BREAK FUNCTION switch disables the break indication circuits when radio trans­
mission is used. This is necess8ry to eliminate the breaks which may otherwise zesult from 
signal fadeout. . 

q. Audible Alarm Circuit.-The audilile alarm informs the operator when a alarm condition 
has occured within the KW-7. The alarm will sound when the BREAK, BUZ 1 or PLAIN 
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signals enable the alarm. The BREAK signal will be an enable signal when the line is open. 
The BUZ 1 signal will be an enable signal when an alarm condition causes the line output 
control relay to become deenergimi. The PLAIN signal will be an enable signal duriDg 
the plain mode of operation. so that an audible warning is always sounded (when the a1arm 
switch Ul in the ON position) when in the PLAIN MODE. 

r. S.T. Power Set, Power Set, and Set Generating Circuit.-The S.T. power set, power set, and 
set generating circuit produces various set signals which are used to establish prerequisite 
conditions throughout the system. These signals are triggered in any one of seven ways 
as follows: 
(1) Approximately 200 mllliaeconds after closure of the POWER switch 
12) When the PCR switch is switched from cipher to plain 
(3) When the PCR switch is switched from plain to cipher 
(4) When a break condition is detected by the break generating circuit 
(5) During testing when the ALARM TEST switch is set to any position except OFF 
<6) During receive when the KW-7 completes phasing as indicated by a LOCK IN GATE 
(7) When entering the send mode of operation 

s. Randomizer and Alarm Circuit.-The primary function of the randomizer is to produce, 
during the indicator mode, the M2B signal This signal is a fully random stream of ONES 
and ZEROS which is applied to stage 2 of SRA in the extensor and control. The random 
triggering of SRA has the end result of assuring that the key generation starts at a random 
point in the Fibonacci cycle. An a1arm circuit provides a warning if the randomizer is not 
functioning properly. 

4304. Key Generator.-The function of the Key Generator is to encipher messages during 
Send Cipher operation and decipher D1EIII!IS8geB duriDg Receive Cipher operation. Figure 4-40 
illustrates the functional block diagram of the Key Generator circuits. 

a. Primtzry Key Generating Circuit.-The primary key generating circuit produces the five 
primary key timing signals. The primary key generating circuit consists of the Fibonacci 
shift register, the permuter patchboard, and combiners p through t The Fibonacci shift 
register is a conventional 39 stage shift register. When triggered by F DRIVE pulses, 
a pattern of ONEs and ZEROs are shifted through the register. The permuter connects 
the outputs of 30 of the first 31 of these stages to combinenJ p through r via permuter patch 
cords. The pe-rmuter is a pluggable device, which provides a method of aeiecting which 
stages of the Fibonacci shift register are to be connected to a particular combiner. In 
each combiner the outputs selected from up to six ~ are combined to produce one of 
the five key timing signals <P. q, r, i, and t). The 8 combiner also has provisions for a 
PLAIN signal input which stops the shifting action of the Fibonacci sEift re,pter when the 
KW-7 is operating in the plain mode. The outputs from combiners s and t are applied to 
the drive pulse generating and pulse deletion circuit. The outputs from combiners p through 
r are applied to the secondary key generating circuit. . 

b. Drive Pulse Generating and Pultle Deletion Circuits.-The drive pulse generating and pulse 
deletion circuits produce the drive pulses used to trigger the FI1Kmacci shift register and 
provides a method of stopping the Fibonacci cycle for one step by deleting a drive pulse 
when certain conditions exist in the key generator. 
C1) Drive pulse generating circuit.-The drive pulse generating circuit produces the KG 

DRIVE pulses at the OBR rate if the KW-7 is in either the indicator or normal phase 
of operation and is not in the plain mode. It consists of the drive pulse generator and 
the drive pulse gate. The I&N signal applied to the drive pulse generator is an enable 
signal during all operations except the phasing mode. During the indicator and nor­
mal phases of operation (cipher operation) the drive pulse generator produces KG 
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DRIVE pulses each time th OBR output is an enable pulse. The KG DRIVE pu]ses 
are gated through the drive pulse gate causing the F DRIVE pulses to trigger the 
FJ."bonaoci shift register. 

(2) Pulse deletion ~it.-The pulse de1etion circuit stops the Fibonacci cycle for one step 
by occasionally deleting an F DRIVE pulse. The circuit is so arranged that two suc­
cessive pulses can not be deleted. The pulse deletion circuit CODSists of the 1 to 0 
detectQr and the s·t adder. During normal cipher operation the sum of the s•t adder 
allows the 1 to 0 detector to send an enabling SPECIAL POINT U signs.). to the drive 
pulse gate. This, in conjunction with the KG DRIVE pulses from the drive pulse gen­
erator, allows the F DRIVE pulses to be fed to the Fibonacci shift register. The only 
time the F DRIVE pulses are inlnmted is when the sum of the s•t adder goes .from 
a logical ONE to a logical ZERO. This inhibits the drive pulse gate and deletes only 
the subsequent F DRIVE pulse from the Fibonacci shift register. A1so, the application 
of the PLAIN signal places an inbibit on the input of the i combiner and prevents 
the F DRIVE pu1ses from shifting the Fibonacci shift register. 

c. Set:ondar:y Key Generating Circuit-The secondary key generating circuit combiDes the 
outputs from the primary key generating circuit to produce two secondary key tDniDg 
pulses: X and W. The secondary key generating circuit consists of a q·r adder and ac- . 
cumulator, a Y delay, a P delay, a y.p adder and a Y·S adder. 
(1) q•r adder.-The ij·r adder is a re-entry adder which adds the outputs of the q andr 

combinera to produce the T signal. The output of the adder is a ZERO when the q."r 
signals are of opposite polarity. 

(2) Acermwlotor.-The accumulator is a gated :ftip-flop which will change its state each 
time it is pulsed by a KG DRIVE pulse but only if T' is a ZERO. 

(3) Y delay.-The Y delay generates ~ same output 88 the accumulator, but is delayed 
one baud in time (YN-1). 

(4) P delay.-T.be P del.a.y de1aya the p output from the primary key generating circuit 
for one baud time. Operation of the P delay is essentially the same 88 the Y delay. 
It's output is a PN signal. . 

(5) y.p adder.-The y.p adder is an adder which adds the YN-1 and outp'!lts of t;qe 
PN signals to produce the :first secondary key signs.). X. 

(6) Y·S adder.-The Y·S adder is an adder which adds the YN-1 and S signals to pro­
duce the second sscondary key signs.). W. 

d. Auto Key Circ:uit.-The auto key circuit increases the key depth by generating a modified 
key signal which is a f'unction both of the previously tra'DSIDitted cipher signal (Z1) and 
the secondary key signal X. This modified key signs.). is cal1ed the auto key signal or the 
V signal, The auto key circuit consists of theE gate, the Z1 gate, the X·Z adder, the 
'8.Uto key register, the auto key drive inhibiter, the auto key drive generator and the V 
combiner. 
(1) E.and Zl gates.-The E and the Zl gates control the flow ofinformli.tion into theX·Z 

adder. In the receive normal mode, both the NORMAL 3 and the SEND 2 signals 
are enabled which causes the Z1 gate to become disabled (inhibited) and the E gate to 
become enabled. The input to the X· Z adder is then the 'E signal. During send 
normal operation, the E gate is disab1ed by the SEND 2 signal, which is an inlumt 
level at this time, causing the Zl gate to be enabled. The input to the X • Z adder is 
now n sigDai. . 

(2) X·Z adder.-The X·Z adder generates an L signal by performing a MOD 2 addition 
on the X key stream and the output of either the E or Z1 gate. This L signal is ap­
plied to the auto key register • 

(3) Auto key register.-The auto key register is a conventional five stage shift register. 
When the register is trigpred by the A KEY DRIVE pulses the L signal is shifted 
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through the register. Each output from the shift register (Q) forms one input to the 
V combiner. 

14i Auto key driue inhibitor.-Tb.e auto key drive inhibitor inlu"bits the auto key drive 
generator at all times except during the time of the :five information bits of each char­
acter. The M GATED signal is enabled whenever a character is being received or 
transmitted. The START signal is an enable sigDal except during the start bit of 
each character. The STOP signal is an enable signal except during the stop bit of 
each character. Therefore, the only time the output from the auto key drive inhibitor 
enables the auto key drive generator is when the five information bits of a character 
are being transmitted or received. 

!5) Auto key driue generator.-The auto key drive generator generates the A KEY DRIVE 
pulses which drive the auto key register. These pulses, having the same repetition 
rate as the KG DRIVE pulses. occur only when the input is enabled by the output 
from the auto key drive inhibitor. 

16) V combiner.-The V combiner, combines the X signal, from the secondary key generat­
ing logic, with the Q outputs of the auto key register, producing a signal called V. 

e. Final Key GeMrating and Key Adding Circuit.-The final key generating and key adding 
logic performs two functions: it generates the :final key signal (K), and it adds this signal 
to plain text to produce cipher, or to cipher to produce plain text. The final key generating 
and key adding circuit consists of the final key generator (W • V adder), key adder and the 
start-stop gate. 
ll) Firwl key generator.-The final key generator is the W • V adder which performs a 

MOD 2 addition of the secondary key signal (W) from the secondary key circuit, and 
the V auto key stream :from the auto key logic. This adder produces the final key 
signal (K) which is applied to the key adder; two additional outputs, Wand V, are 
applied to the alarm logic. 

12) Key adder.-Tb.e key adder performs a MOD 2 addition of the :final key signal (K) 
and theE output :from the data extensing circuit. It should be remembered that E 
will be plain text during send operation, and cipher during receive operation. There­
fore, during send, the MOD 2 addition of E and K gives cipher, while during receive 
the same process gives plain text. The output from the key adder, Zl is applied to 
the start-stop gate, to the alarm key adder, and to the Zl gate. 

!3) Start-stop gate.-The start-stop gate assures that the start and stop bauds of a charac­
ter will be transmitted in plain text during both plain and cipher operations. This is 
required because the start and stop bauds are required to synchronize the receiving 
KW-7. The start-stop gate is inhibited during the reception of the START and 
STOP inputs; at all other times the Zl signal is inverted and passed through the gate 
to the line Z2 gate and to the loop gate, except during the start and stop bauds of a 
character. The Z2 signal will be plain text if the KW-7 is receiving and cipher if 
transmitting. The Z3 signal is fed to the Z2 gate and to the feedback Z gate. 

f. Loop Output Circuit.-The loop output gates the plain message (whether in Plain or Cipher 
mode) to the loop output circuit during both send and receive operations. Major circuits 
in the logic are the loop Z2 gate, the gated loop in gate, the bit rate gate, and the loop out­
put register. 
(1) Loop Z2 &llte.-Tb.e loop Z2 gate produces the Z2 signal during the receive normal 

operation, but only if the text is valid (the validity is determined by the ~ of 
the LOCO signal). The enable signals for the loop Z2 gate are the SEND 1, N'm'f­
MAL 3, LOCO (M Gated), and Z2. 

!2} Gated loop-in gate.-·The gated loop-in gate passes the GATED LOOP signal during 
send operation and receive plain asynchronous. The gated loop-in gate is inhibited 
when an ALARM signs! i& generated. 
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(3) Bit rate gate.-Tbe bit rate gate allows the loop output register to be triggered by 
IBR signals during send operation, or by OBRl pu]ses during receive operation. In 
the send operation, SEND 1 is an enable while SEND 1 is an inhibit. Under these 
conditions, the outp~1B invert the IBR pulses. In the receive operation the SEND 1 
is an inhibit input signal, while SEND 1 is an enable input. The bit rate OBRl is 
now inverted at the output. The output from the bit rate gate is the LOOP OUT 
DRIVE pulse. . 

(4) Loop output register.-Tbe loop output registers supplies the LOOP OUT information 
to the loop output circuit. The state of tl:rls register is controlled by LOOP OUT sig­
nal supplied by the gated loop in gate. The LOOP OUT DRIVE pulse enables the 
loop out register. 'This pulse occurs one-half baud after the start of each baud period. 
This insures that the loop out signal is not fed to the output circuit when it is changing 
state. . 

g. Line Output Circuit.-The line output circuit·.gates the transmitted message to the line out­
put circuit. This circuit consis1B of the line E gate, line Z2 gate, the line output register 
and the output control relay gate. 
(1) Line E p.-Tbe line E gate supplies phasing and indicator information (E) to the 

line output ~ during the phasing and indicator or message information during 
the normal (S·N) phase of the send operation. 

(2) Line Z2 gate.-The line Z2 gate I!!!JS8S data (Z2) during. the send normal operation, 
but only if the message is valid (M); that is, a transmi ... ion is being made. The en­
able signals for the line Z2 gate are the Z2, SEND 3, NORMAL 3, and M. 

(3) Line output register and ~ntrol.-The line output register acta as a buffer between the 
key generator logic an4 the line. This register supplies LINE-OUT information at a 
DBR2 rate. The line output register control provides a means of inhl'biting the out­
put of the line-output circuit. If a break condition occurs the BRK signal will inhibit 
the line output register gating and prevent line-out informati!m from being sent out on 
the line. . 

(4) Output control relay gate.-The output control relay gate controJs a relay in the line 
output register control to prevent inadvertant transmissi'>ll of plain text while operat­
ing in the cipher mode. The ALARM signal and the SEND signal causes the relay 
to prevent tnmsmission during receive operation or when there is an equipment mal­
function causing an alarm. The PLAIN signal enables the relay throughout the plain 
mode of operation. 

h. The Fibonacci Feetlbat!k Circuit.-The FI'bonacci feedback circuit is used to extend the Fibo­
nacci cycle. The Fibonacci feedback circuit consis1B of the feedback Z1 gate, the 35 gate 
and the FI'bonacci feedback adder. · 
(1) Feedback 86 and Z gate.-The 35 and Z gates, control the 35 or Z3 input to the Fl'bo­

nacci feedback adder. During phasing and indicator, the NORMAL 2 signa). is en­
abled while the NORMAL 3 is inhibited. The output of the feedback Z gate is a Z3 
signal, which is fed to the Fl'bonacci feedback adder. During normal operation the 
NORMAL 2 signal is inhibited and the NORMAL 3 is enabled. The output of the 
35 feedback gate is 35, which is fed to the FI'bonacci feedback adder. 

(2) Fibonacci feedback adder.-The Fibonacci feedback adder generates the A signal which 
is the result of a MOD 2 addition of the 39th Fibonacci stage output, and either the 
35 or Z3 signal Dlll'iD{_phasing and indicator operation, the A signal is the MOD 2 
sum of the 39 and the Z3 signals, while during normal operation the A signal is the 
MOD 2 sum of the 39 and the 35 signals. In either case, the A signal. determines the 
pattern of ONE's and ZERO's which will be shifted through the Fl'bonacci shift register. 

i. Fibo"nm:ci., l&N cmtl Loop Actillity Alarm Circuit.- The Fibonacci, I&N and Loop Activity 
alarm circuit generates sn alarm indication if any of the following conditions occur: 1) 
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The W stream does not undergo at least one ZERO to ONE signal transition during a 
given eight character period, 2) The 39 stream does not undergo a transition from ZERO 
to ONE or from ONE to ZERO during a given eight character period, 3) The Fibonacci 
begins generating an alternating output (101010), 4) The I&N :fl.ip-dop is not set to ONE 
during the nonnal mode of operation, or 5) Loop information is generated during the 
phasing or irufi.::ator phase of send opsration. 
(1) Fibonacci alann.-The Fibonacci alarm consists of the Fibonacci alarm generator (P 

stream monitor), the W stream monitor circuit and the Fibonacci alternation detector. 
(a) Fibonacci alarm generator.-The Fibonacci alarm generator will generate a F!'bo­

nacci alarm signal if there is no activity in the Fibonacci shift register for an a-
character period. 

(b) The W stream monitor circuit.-The W stream monitor circuit consists of the 
CTRP gate, the + 8 counter and the W stream monitor. The I&N signal enables 
the CTRP gate during indicator and normal phases of operation. The PLAIN 
signal is an enable if the KW -7 is in the cipher mode. Therefore, the CTRP 
gate produces an output (CTRP) signal at the CTRP rate. This signal is fed to 
the + 8 counter where its repetition rate is divided by eight to give the ASP 
(alarm sam:Eli!!g pulse s~). The ASP and the W signals are fed to the W 
stream monitor. If the stream is 'D8iDi generated properly, a ZERO to ONE 
transition will occur at least once ~ every two ASP pulses. If the W 
stream is not being generated properzytne W ALARM signal will be generated 
and will trigger the alarm generator. 

<c) Fibonacci alternation detector.-The Fibonacci alternation detector causes an alarm 
indication if the Fibonacci shift register produces an alternating pattern (con­
stant A signal) for an eight character period. If the F!'bonacci is operating prop­
erly, some activity will occur in the A signal before the generation of the ASP 
signal so that the A signal, in conjunction with the KG signal, enables the Fibo­
nacci alternation detector. If, however, no A signal activity occurs between two 
ASP signals the second ASP signal will trigger the Fibonacci alternation detector 
and cause an alarm indication to be generated. 

12) I&N alarm detector.-The I&N alarm detector provides an alarm indicator if the I&N 
dip-dop is not properly set during normal operation. There are two inputs to the 
detector: NORMAL 2 and I&N. During the normal mode of operation, NORMAL 
2 enables the detector. If the I&N dip-dop is operating properly I&N inhibits the 
detector and no output is produced. However, if a malfunction occurs, I&N is an en­
able signal and the detector produces a signal which triggers the alarm generator. 

(3) Loop activity detector.-The loop activity detector causes an alarm indication to be 
generated if loop information is generated during phasing or indicator. The NORMAL 
2 signal is an enable signal during phasing and indicator, the LINE-IN signal is an en­
able if there is no line information and the ABIN Signal is an enable if either line or 
loop information is available. Therefore, if the KW-7 is in phasing or indicator, if 
line information is absent, and if loop information is present, all three inputs will be 
enabled, causing an alarm indicator to be generated. 

j. Fibonacci Feedback Alarm Circuit.-The Fibonacci feedback alarm circuit checks the opera­
tion of the Fibonacci feedback circuit by adding A and the quantities that form A in a 
MOD 2 adder-comparator circuit in such a way that an alarm will be triggered if either 
the feedback or checking circuit malfunction. The Fibonacci feedback alarm circuit con­
sists of the Z2 gate, the 35 gate, the 39·A adder and the Fibonacci feedback comparator. 
Cl) Z2 gate and 85 gate.-The Z2 gate and the 35 gate have a common output (Z2 or35). 

At any given time, either the Z2 gate or 1he 35 gate will be enabled. The Z2 11gam 
enabled by a NORMAL 2 signal during indicator. The 85 gate is enabled by a -
MAL 2 signal during normal operation. 
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(2) 39·A adder.-Tbe 39·A adder performs a MOD 2 addition of the 89 signal from tbe 
Fibonacci, and the A signal which is fed back to the fust state of the FJ."boDacci shift 
register. The output from the 89·A adder (89+A) is fed directly to the Fibonacci 
feedback comparator. 

(3) Fibonacci feedback comparator.-The Fibonacci feedback comparator performs .re-entry 
addition or the 89 ·A signal and the Z2 or 35 signal. As long as the Fibonacci feedback 
is being generated properly, the output of the feedback comparator is inhibited. How­
ever, if a malfunction occurs in the generation or the Fibonacci feedback, the Fibonacci 
feedback comparator will be enabled, causing the FIBONACCI FEEDBACK ALARM 
signal to be generated. 

k. Key Alarm Circuit-The key alarm circuit checks the formation of the key signal. ·'Ihe 
circuit consists or tbe alarm W • V adder, the alarm key adder, and the key comparator. 
To fully understand the operation or the key alarm circuit it should be noted that the 
final key was obtained by MOD 2 adding the W and V streams from the secondary key 
g'enerator. 
(1) Alarm W· V and alarm key addenr.-'Ihe alarm key adder performs a MOD 2 addition 

or cipher (Zl) and plain text (E) to produce the K signal, while the alarm W • V adder 
performs a MOD 2 addition of V and W to produce K. 'Ihe outputs of these two 
adders must always be equal if the KW-7 is operating properJy. If outputs are not 
equal an alarm indication is generated. 

(2) Key comparotor.-The key comparator performs a MOD 2 addition of the output 
from the alarm key adder and the alarm W • V adder. As long as these two signals 
(K) are identical, signifying correct circuit operation, the output of the key compara­
tor (KEY ALARM) will be a ZERO. If a malfunction occurs, the BigDa]s will no 
longer be identical, and the comparator will generate an alarm indication. 

4801. Remote Control Unit Operation (fig. 4-41).-The KW-7 is equipped with a remote 
control unit which may be employed to fully operate the KW-7 from a remote location. The 
Remote Control Unit provides a parallel set of signal inputs and outputs and control and in­
dicator functions. An input from a teletypewriter keyboard or TD to the remote control unit 
is transmitted to the KW-7 via a remota cable. The 1ength of this cable may be a maximum 
of 500 feet. The loop-output information is transmitted from the KW-7 loop-out circuit 
through tbe remote cable to the remote control unit where it is in turn routed to a page printer. 
The internal operation oftbe KW-7 is identical to that previously described and need not be 
discussed further. 
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Figure 4-41.-Remote Control Unit Operation, Block Diagram. 
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4306. Two-Wire Loop Adapter Unit Operation (figs. 4-42 and 4-43).-For special field 
applications it is necessary that the KW-7 low current level four..wire Loop-Input/Output 
system be converted to a high current level two-wire system. It is also necessary that the 
high-level (20/60 milliampere) teletypewriter signals be converted to low-level signals for use 
with the KW-7 Loop-Input circuit. This is accomplished by the two-wire loop adapter unit. 
When tho two-wire loop adapter unit is employed it is I1eCEB31U"Y to place the LOOP AI.J..OW/ 
LOOP INHIBIT switch, located in the top of the KW-7, in the INIDBIT position. The 
teletypewriters have the keyboard and page printer in series so that when a message is sent on 
the keyboard it is automatically printed out on page printer without the necessity for "home" 

I •§!!'PI! ~ ftiMIMIStoiOII 
LIM 

SYfiCH 7.0 lAUD 

DI.TA •I ..::TOR .... 

----, 

:? ·I fl! 
L __ ---".!!'~.!:..--------.l 

Figure 4-42.-Two-Wire Loop Adapter Unit Operation, 
Functional Block Diagram. 

copy tLoop output) from the KW-7. The LOOP INHffiiT switch prevents the KW-7 loop­
output circuit from interferring with the series keyboard page printer printout during tnmsmit 
operation. Effectively then, a message is transmitted to the KW-71oop-input circuit and at 
the same time printed on the local page printer. It is inhibited on the loop-output circuit, 
and also transmitted to another KW-7 through the line-output circuit. When receiving, the 
meaeage is received at the KW-7 line-input circuit and routed through the Loop-Output cir­
cuit and the two-wire loop adapter unit to the page printer. 

4307. Functional Remote Control Unit Operation.-When the two-wire loop adapter is 
employed with the KW-7, remote control of the KW-7 can be accomplished by using a func­
tional remote control unit. The functional remote control unit can control KW-7 operations 
up to a maximum of 500 feet. The KW-7 is automatically forced into cipher mode when the 
functional remote control unit is connected. The functional remote control unit does not have 
the complete array of controls and indicators provided on both the KW-7 and the remote con­
trol unit. It contains a SEND switch to initiate phasing and indicator modes of operation, 
and both SEND and P&Ilights to indicate SEND and PHASING and INDICATOR modes, 
respectively. An AUDIBLE ALARM and ALARM light are provided to indicate failure in 
the KW-7 due to either a simulated or an actual alarm condition. A TD stepping relay in 
the functional remote control unit will allow control signals from the KW-7 to step a remote 
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transmitter-distributor. A READY light is provided to indicate that the functional remote 
control unit is active. The functional remote control unit provides only control functions; no 
data signals are routed through the unit. Thus if SEND is mitiated from the functional re­
mote control unit, the KW-7 begins the transmission pmparation and sends back control sig­
nals through the ftmctional remote control unit to step the transmitter-disutor. The TD 
in turn transmifa the plam text message directJy to the KW-7 through the two-wire loop 
adapter unit. 

ff UNE IN 

LINE OUT 

~ 

ADAPTER ~ UNIT 
~ 

NOTE, * INDICATES ONE OF SEVERAL 
swm:HB0ARD LOOPS 

TH-5 RECEIVE 

OR 
SE.ID 

EQUIVALENT 

TRANSMITTER 

DISTRIBUTER 

TO 
ANOTHER 

~Ti 
RADIO 

TRANSCEIVER 

* KEYBOARD 

Figure 4-43.-Two-Wire Loop Adapter Unit, Typical Operation. 
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4400-DETAILED THEORY, FUNCTIONAL UNITS 

4401. General.-In this section. the various functional units in the KW-7 are analyzed by 
means of logic diagrams. Idealized waveforms are included on several diagrams and some are 
included in the text to aid in understanding the circuit operation. As a further aid, several 
functional units are incorporated into a single diagram so that their inter-relationship may be 
more readily seen. In such cases, the functional units are separated by heavy broken lines. 
Each logic diagram includes information required for understanding the :ftow of signals. The 
overall logic diagrams for the extensor and control circuits (E and C) and the key generator 
circuits (KG) are in KAM-144B. Table 4-2 lists the names and abbreviations of signals 
used in the KW-7. 

a. Logic Element lclentification.-Each logic element is identified by a letter-digit designation 
(i.e. All, 15). All, 15 means that the subassembly in which the logic element may be found 
is All and that the module number is (MD) 15. This system makes it possible to deter­
mine, at a glance, the exact physciallocation of the card and the module number on any 
logic diagram. 

b. Input/Output Pin Numbering.-To clarify the relationship between the physical location of 
the individual logic elements and the schematics of these elements, the input and output 
leads have all been identified by the module pin numbers. In this manner it is possible to 
relate the input to a logic element with the physical input found on the subassembly board. 

c. Test Point ldentifico;tion.-Numerous test points are found throughout the logic diagrams. 
The test point designations identify the subassembly on which the test points are located 
and also identify the specific mune of that test point. An emmple of test point identifica­
tion follows: TPAl-11 indicates that test point 11 located on subassembly Al is to be 
used. This eliminates the need for specifically coding test points to determine the exact 
location of logic element inputs or outputs. 

TABLE 4-.11 

KW-7 CARD SIGNAL NAMES 

Card Signal Colmector Signal Deacription Pin 

E-AJK(Al) Set 8 System initial set pulse 
F Drive Pulse c Fibonacci shift :register drive pulse 
A 2 Fibonaccl. feedback sjgnal 
A 1 FibODaClcl teedbliCk 8ijjJI8l 
tl X r oode combiner input 
a 19 r oode combiner input 
+6V 7 Power aupp]y voltage 
-6V 17 Power supply voltage 
GND 10 Ground 
16 F Fibcmacci shift :register, outl!ut stage No. 16 
i6 E FibOilliCCi shift register, output atage No. 16 
r4 y r code combiner input 
ii8 21 i' code combiner input 
r 22 r code combiner output 
i z i code combiner output 
t p t code combiner output 

E-AJJ(A2l SET 8 System initial set pulse 
F Drive Pulse 9 Fibonacci shift register drive pulse 
i6 4 FibOnacci llbift register, output Btage No. 16 
16 1 Fibouacci shift :register, output stage No. 16 
r4 2 r code combiner input 
r3 D ~code com~1l81' input . _________ 
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• TABLE 44 (Continued) 

Card SJgaaJ. CoDnector SJpal »-J.ptlon 
Pin 

E-AJJ(A2) +6V 7 Power llllPply voltage 
(Continued) -6V 17 Power IIIJ.PP)y voltage 

GRD 10 Grcnmd 
82 ,. Fiba:aaoci llhift recfst;er, ·output ataga No. 82 
82 21 Fiba:aaoci sbift ngiater, output atage No. 82 
i2 8 Tcode combiDer iuput 
ri l'l F code oomb.lner input 
p R p code combiner output 
q E q code oombiuer output 
r B Fcode oombiDer output • E-AJM(A8) YN-1 l'l An fntennecUate code form 
p M p code oombiuer output 
SET N 8y&tam iuitialll8t pulae 
KG 1 = lligue). for key gml8l'ator activity 1m 2 iiiiD8l fOr liiY gml8l'ator activity 
START 8 Time iuterval. decoded from output COUDter 
grop 4 Time iuterval. decoded from out~ counter 
M B g::!Zglevel tliii:t iDdicates data activity 
PCO w ;::;.· stage 0 output 
BG·im v BG&Dd 
PCi" X PbU(Dg counter, atege l outPUt 
S•N y SeDd Blld NOriiiil 
WPMlOO c 100 words per miuute 
WPM67 K 67 WOI'dll per miuute 
NoRMAt3 J 
SEND2 u 
i" p Tcode oomb.lner iuverted output 
YN-i A An ilit8iiJiiedfiite code form • E T Ezteaaar (SRX) output 
+6V 7 Power supply voltage 
-6V 17 Power 1111PN voltage 
GRD 10 GmUDd 
E E EzteDaor (SRX) output 
Z1 D Output data form prior to start and atop bauds 

addition 
w R An intermediate code form 
v s ~1r of auto key ganemtor w 22 termediate code form 

E-AJL(A4) Zl 12 Output data form prior to start aDd atop bauds 
addition 

82 1 Fiba:aaoci ahlft ngiater, atqe No. 82 output 
F Drive Pulse 8 F:ibonacci llbfft register drive pulae • 82 2 Fibouacai ahift register, atage No. 82 output 
SET L 8y&tam iuitialll8t pu)ae 
+SV 7 Power llllPply voltage 
-6V 17 Power eupp1y voltage 
GRD 10 Gmund 
NORMAL2 18 
Z8 15 Output data form after atart and atop bauds 

addition 
ATSA 4 Alarm test awitch output 
i D i code com.hiDer output 
t K t code oombiaer output 
i&N s I:adicator or Normal 
OBR T Output bJt rate 
PLAIN A 
q 18 ii code combiner output • 
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TABLB 4-ll (Continued) • Card Signal Connector Sfgnal Deacription 
Pin 

E-AJL(A4) i' v r code combiner output 
I Continued) A y Fibonacci feedback signal 

AT3A N Alarm test switch output 
ZlA 11 Output data form prior to addition of !~taft and 

stop bauds 
35 J Fibonacci shift register, stage No. 32 output 
39 z F:ibonacci abut. register, stage No. 39 output 
39 22 Fl"boDacci shift register, stage No. 39 output 
YN-1 5 An intermediate code form 
'YN-I c Ail :intermediate code form 
NORMALS 19 
A 21 Fibonacci feedback sjpal. 
KG R Timing sigDal for k!!l ge~~~~mtor activity 
SP F Special point, F drive pulse deletion level • i 8 ll code combiner inverted output 
A w FlbODilcet m eignal 
AT4B M Alarm test switch output 

E-AJO(A5l omu M OUtput bit rate 
w c An intermediate code form 
AT2A B Alarm test switch output 
ASP 1 Alarm sampling pulse 
I&N 4 Indicator and Normal 
+SV 7 Power supply voltage 
-6V 17 Power supply voltage 
GRD 10 Ground 
SET L System IDitfa1 eet pulse 
AT3A K Alarm test switch output 
GEO T Gated extensor output, arypto sync line • NORMAL! u 
KG 11 Timing eignal for key generator activity 
Zl! 9 An intermediate code form 
NORMAL2 8 
NORMAL2 H 
35 J Fl"bonacci shift register, stage No. 35 output 
39 D Fl'bonacci ahift register, etege No. 89 output 
A E FibOliacci feedbilCk liiiJDIIl 
~ 13 Fibonacci shift register, stage No. 39 output 
AT5 p Alarm test switch output 
A 14 Fibonacci feedback algnal 
AT6 R Alarm test switch output 
GZO F Gated Z etreem output, data line 
v v Output of auto key generator 
w 15 An intermediate code f'orm • SENDl s 
PLAIN 12 
iii 21 Exteuaor (SRX) output 
ZlA 19 Output data form prior to addition of etut 

and stop bauds 
E 20 Eztensor (SRX) output 
ZlA 22 Output data form prior to addition of start 

and atop bauds 
AT8 18 Alarm test switch output 
AT7 X Alarm test switch output 
ATlA 2 AJami test SWitch output 
AT10A z Alarm test switch output 
ALARM 1 A Condition indicative of a compromielng failure 

which will disable traliiiiDitter 
ALLR 6 Alarm lamp remote • 170 OONF'IBBN'ffMi ORIGINAL 



ID: 3559654 

eaNii'fBBN':PIAf.. KAM-143Bfl'SEC 

• TABLE 4-21 (Continued) 

Card Signal Ccmnector Si8na1 Deacriptlon Pin 

E-AJO(A6) ALL 6 Alarm. lamp 
(Continued) TEX 16 Text 

TEX1 y Text 
BUZl w Atuh"ble slarm actuator 

E-AJN(A6) nmc D IiidiCator counter 
SEl 16 Send switch output 
SE2 X Send switch output 
006 21 Output counter, atage 6 
CTiiP w Pcounter • -24V 14 Power auppJy voltage 
+6V 7 Power aupply voltage 
p 18 Output counter character rate timfDg pulse 
INDO 1 IDdicatorcounter 
-6V 17 Power 1111pply voltaJe 
GRD 10 G!ouad 
SNB J TimitJg pulse (reeaive mode) for :M 8ip-fiop 
SNA 9 Sometbmg not avaflable (data preaence level) 
PLAIN 20 
AT4A 11 Alarm test switch output 
oco M Output counter, atage 0 
rnx B fZJ $drive piilllll Ciel8tiOii leV8l SP 3 
KG 4 TimiDg signal for key gomerator acliivity 
LIG L Lock in gate 
ALARM SET y Level from alarm test awitch wldch gomeratee 

eet~ 
NORMAL! F • IiREAK E 
BRLR s Break lamp remote 
BRL N Break lamp 
SEND 16 
BREAK 19 
mr 8 IDdiC&tor or Normal 
I&N H IDdicator or Normal 
NORMAL2 A 
NORMALS 6 
NORMAL2 6 
SEND2 u 
SEND1 p 
BG 18 Gatiug level for CLX 

ft 

M!iNI) R ·- ..... 
SET K System initial eet pulse I 
SET! 12 Input to SET driver • POWER SET c A special purpoae set pulae 
SEND! v 

E-AJQ(A7) tiNE IN E Gated JiJie ou~t 
OBR·BIT1 A outPUt bit rate aDd bit 1 
OBR1 D Output bit rate 
SENDl 6 
Wf c IlidiCator or N01'Dial 
START' 6 
+6V 7 Power supply voltage 
-6V 17 Power supply voltage 
GRD 10 GEouDd 
TMSTD y Time staDdard 
lOOKCB 8 lOOKC (internal or external) timing poise to 

timing counter ·~ 
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TABLE 4-2 (Continued) • Card Sisnal Ccmnector Signal Description 
Pin 

E-AJQ(A7) SET z System initial set pulse 
r Continued) WPM67 w 67 warda per minute 

WPMlOO X 100 words per minute 
SG F Slow gate 
lOOKCA K Internally generated lOOKC aignal 
CLOCK v Corrected system timing pulMa 

E-AJP(AS) CLOCK 2 Corrected system timing pulse 
-24V 14 Power supply voltage 
-;-6V 7 Power supply voltage 
-6V 17 Power supply voltage 
GRD 10 Ground 
TRB 3 Transfer pulse, B register • 1'RA ' Transfer pulse, A register 
POWER SET 20 A spec~ set pulse 
n; 21 IJ11)Ut-cm leJiith) gating tevet 
1m D Gating level tor CLX 
mmna 6 
NORMAL3 c 
LIIST F Line In schmitt trigger 
MOD6 y Input counter counting mode (6 bauds per 

cycle) 
LOIG K Loo~ N8C 22 Non UB continuoUB 
SENDl 16 
PA z Plain asyncbronoua 
CLX 19 Clear X register 
IBR v Input bit rate • LIG 18 Lock in gate 
ror 9 Ph8iiiDi counter, stage 1 
i5CO 6 Pbil8iDi counter, stage 0 
'i"8 1 A pulse Wl8d to :meaau.re MOD 8 pbasiDg char-

aotem 
107 A Input counter, stage 7 
mm: w fiiput bit rate 

E-AJS(A9) S·N A Send aDd "NNiiiiii1' 
Pd 3 p pulse delayed 
SEND2 H 
SET l System initial set pulse 
SHIFT-A R SRA register shift pulse 
ABIN ' Input of A and B regiatere 
ABm" 6 Input or A 8lid B rssisterB 
CTRP 21 Pcounter • M2B B Randomizer output to SRA 2 
CLX 19 Clear x register 
TRA p 'I'raDsfer pulse, A register 
INDO 22 Indicator counter 
NORMAL2 X 
'I'Nim' y IDdicator counter 
ClBRl 12 Output bit rate 
+6V 7 Power supply voltage 
·-6V 17 Power supply voltaga 
GRD 10 Ground 
TRB 20 Tranefer Pulse. B register 
SHIFTB 6 SRB register shift pulse 
SRA2 11 Shift register A, stage 2 
SRA5 v Shift register A, stage 6 
SRA5 18 Shift register A; stage ll • 172 eaNPfBBN't'J:Ail ORIGINAL 
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• TABLE 4-2 (Contmue:l) 

Card Slpal Ccmnector SJgnal De8crlptlon 
Pin 

E-AJS(A9) E 2 EitiDiiOi' (SRX) outpUt 
(Continued) E s Ezteusor (SRX) output 

ZOD w ZERO/ONE bldicator m-se detector 

E-AJR(A10) SET 1 System blitialll8t pu]&e 
CLOCK 2 Corrected system timing pulse 
+&V 7 Power SUpp],y voltage 
-6V 17 Power eupply voltage 
GRD 10 GZOUDd 
I&N E I:ndioator or Normal 

• PILD A PhasiDg or Iudicator lamp driver 
NORMALl H .- SRA2 B SIDft nsfater A, &tap 2 
liG c Oifliii leval lor CLX 
BREAK F R8COiDiZiid biil8k COiidition 
SET1 8 ~SETdrivlll' 
:Bm{ 11 
LIOD M Line out digital 
LIIST 14 Line in schmitt t:riaar 
NORMAL2 N 
BRK K 8JgDal initfatiug tranBnJfwon break 
BRLO R Break receive lockout 
OC6 z Output counter, stage 6 output 
oco 3 Output counter, stage 0 output 
OBR 22 Output bit rate 

• CTRP 20 P ooUDter 
CTltP y p OOUDter 
()06 21 =counter, stage 6 output omn: 12 '6ft rate 
mmri 19 P counter, stage 1 output 
STOP X 
OBR·BIT i J outPUt '6ft rate aDd bit 1 
START T 
STm'l'" v 
p 9 output ooUDter character rate timing p1iili8 
p w Output counter character rate timing pulse 
ICR D Iudicator counter maet 
Pd s p pulse delayed 
OBRl 4 Output bit rate 
CLX p Clear X register 
<:!LX 18 ctear x zegister • OBR2 v Output bit rate 
BTC 13 Break receive level to break (indbtor) 

character countlll' 

E-AJU(All) NORMALS 15 
ABIN M Input of A and B regiatera 
mR 14 Input bit rate 
SET F Sysl:em .iDitial sat pu]&e 
Tii B A piiliiii Ull8d to measure MOD 8 Pli8BIDi 

CllilriCteili 
IC7 H Input counter, stage 7 output 
p E Output counter character rate timing pulse 
+6V 7 Power mpply voltage 
-6V 17 Power supply voltage 
GRD 10 GroDDd 
SENDl 3 • LIS N 

~= PA L 
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TABLE 4-2 (Continued) • Card Signal Connector Signal Deacrlptlon 
Pin 

E-AJU(All) LIIR 4 Line in relay 
•Continued) M K GatlDg level that indicates data activity 

OBRl 18 Output bit rate 
NORMAL3 2 
Z2 1 Data output in fiaal form (&tart-atop bauds 

BUPerlmpoaed) 
LOCO A Loop output control 
PDO u Pli88iii8 counter, stage 0 output 
L012 6 Loop in 
PTS s Plain ten safety 
PCl T PhasiJ:Jg counter, stage 1 output 
ALARM 1 p 
SENDl y • SAG 20 Shift Agate 
mRi X Input bit rate 
SBG 21 Shift B gate 
OJmi 19 Output bit rate 
imNi:) 22 
FL c Input character (fixed leagth) gatiug level 
OS 16 Downabift 
NSe" 9 Non-aynCbiOnous continuous 
MODS J Input counter counting mode (8 baude per 

cycle) 
LOIG D Loop in gate 
LOOD v Loop out digital 
LUST 5 Line in eclunitt trigger 
SENI>2 R 
FE 8 IDput C118racter (fiiild J.eiiith) gatbti Jevei • SEL 11 Seudlamp 
SELR 13 Seud lamp remote 
Sl:IIFT-A z Regieter A abift pulee 
SHIFT-B w Register B shift pulae 

E-AJT(A12) ICR N Indicator counter r..t 
Pd F p pulae delayed 
BTC 22 Break receive level to break (indicator) 

character counter 
zoo 1 ZERO/ONE indicator m811118.P detector 
+8V 7 Power supply voltege 
-8V 17 Power supply voltege 
BRK 4 Break 
GRD 10 Ground 
OS 5 Downabift 
~ A • SElT M Syatem Initial Bet pulee 
IC7 c Input counter, stage 7 output 
SEND y 
BRA! w shift register A, stage 6 ouij)ut 
TEX J Ten 
OBR2 3 Output bit rate 
'mX=I 8 Teit 
SRA5 12 Shift register A, stage 5 output 
FL 2 Input character (fixed length) gating level 
SEND2 T 
NORMAL2 s 
SETl B Input to SET driver 
p 19 OUtput counter Cb8i'ilcter rate timmg piil8i! 
INDO 20 Indicator counter 
INDC 21 lnilicator counter • 174 ORIGINAL 
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• TABLE 4-2 (Continued) 

Card Sipal CODD.eOtor 8fcnal n-dptlon Pin 

E-AJT(A12) 1l z GiJ!! LIVet tbilt lildiCiltes data activity 
(Continued) Pd H p 88 d8Liyiid 

LIOD K Line out ctigltal 
LOCO 6 Loop out control 
SNA 18 SometbJDg DOt available (data preEIICIIlevel) 
TRA p T.nmafer pu]se, A zegister 
SAG E Shift Agate 
SNB v TJmi:Ds pulae (receive mode) forM :tlip-:fl.op 
SBG D SbiftBgate 
M X Gating level that indicates data activity • TRB u TraDIIfer pu]se, B register 

E-AJW(A13) SOB 2 ~one shot (randc.mfzer) output 
ATm p test SWitch output 
RNAl R Rlmdomizer (stage 1) 
CTRP 1 P counter 
I&N 5 I:ndicatar or Normal 
PLAIN • +6V 7 Power supply voltage 
-fN 17 Power supply voltage 
GRD 10 Grouud 
:Am:N 19 IDput of A il1id B resiaters 
RNA2 s RaDdomizer (stage 2) 
ATm T Alarm test iiWitCh output 
SET 22 System iDitfal set pulae 

• OBR2 z Output bit rate 
M2A v Rlmdomizar output to alarm 
M2B 21 Rlmdomizer output to SRA2 
PLAIN-1 X 
BREAK 8 
BUZ1 6 Audllile alarm actuator 
CLOCK B Corrected system~ pulses 
~ H OUtput counter, atlii8 
ALARM1 9 CODdition mdicatl.ve of a comprjsing failure 

which will disable t:nmamitter 
~ 11 Pcounter 
lW" D oatiug level that mdicates data activity 
NORMALS 12 
Z1A 16 Output data form prior to addition of start-

lltop bauds 
START 18 • STOP 14 
NORMAL 13 
E" N EitililiiOr (SRX) output 
SEND2 y 
MIL L Mllamp 
ASP 20 Alarm sampling pulse 
ACT w Activity (PTS function) 
AUD01 K Awh'ble alarm 
REDR A Relay driver 
GZO 15 Gated z stnam output. data line 
Z8 M An intermediate code form 
Z2 J An IDtei'IDeCDite coae fOiiD 
S•N E Send alld NiiiiW 
GEO F Gated extenaor output, crypto sync line 
AT4B c Alarm test switch output 

• 'ZiA u outPut: corm prior to Bddition of start-. stop ba 
mm'Dii 8 
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TABLE 4-2 (Continued) 

Card 8irrnal Conn~ SJgnal Dellcripticm 
P.ID 

E-AJVIA14.) LIIR 8 Line in :relay 
ALARM SET u Level from alarm teat awitoh which generates 

setpuJas 
AUD01 A Audible alarm 
REDR D Relay driver 
LOA1 19 Loop output analog 1 
-40VR 16 Zener contzollecl 40 volt rer- b loop out 

c:imuitB 
-18V 22 Power supply voltage 
-58V 12 Power i'bliply voltage mmr p output rata 
+&V 7 Power supply voltage 
-6V 17 Power supply voltage 
GRD 10 Ground 
s-:N 21 Bend and Normat 
AT4A M Alarm test awftch output 
LlOD 5 Line out dfgital 
LOOD c Loop out digital 
LOA2 2 Loop out analotr 2 
LOOA B Loop out analog 
LlOR 4 Line out relay 
LlOA 6 Line out analotr 
AUD02 1 Audible alarm 
NCL E Negative con (TD step relay) 
TDS1 K TraDamittar-Dfstributor step puJae 1 
PCL F Positive coil {TD step :relay) 
LOOP v Loop out positive 
LOA8 20 Loop out analog 3 
~ 15 Zener reference 
LOON2 T Loop out negative 2 
sos 11 Special~ llhot (randomfzer) output 
RNAl R RandoUlizer (&tap 1) 
M2B H Randomizer output to SRA2 
M2A N Rattdomizer output to alarm Jogk: 
RNA2 s Randomizer (stage 2) 

4402. Detailed Theory.-The remaining portion of this section is devoted to a detailed anal­
ysis of the individual functional units contained within the KW-7. The previous section de­
scribed the functional operation of the KW-7 at the detailed block diagram level. The purpose 
of this section is to further expand this description to encompass the logic operation of the 
same functional units. These units will be broken down into separate logic diagrams and will 
be discussed on a logic leveL Each input and output will be traced throughout the entire sys­
tem to enable the technician to follow signal :flow. Where necessary waveforms will be incor­
porated into the logic diagrams to bring out a specific point. The logic will be explained in 
the same order as the exp]anation of. the functional units. 

a. Timing.-The following paragraphs describe the timing used by the KW-7. Accurate 
timing is necessary to enable the receiving KW -7 to synchro~ itself with the transmit­
ting KW -7. To achieve this timing, various circuits contained within the Extensor and 
Control portion of the system are employed. 'Ihese circuits are the time standard, the 
divider circuit, the input bit and character counter, and the output bit and character counter. 
The following paragraphs describe the function of each of these circuits and define its zela­
tion to the timing of the system. Also :figures 44l4 through 4-86 illustl'ate timing during 
phasing and synchronization and extensor and control operation during Receive Plain and 
Send Cipher. 
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(1) Time atandard.-'The time standard employed by the KW-7 is an adjusta.ble, crystal­
controlled, one megacycle oscillator. The time standard provides a stable time refer­
ence to allow operation over long intervals of time without the requirement that syn­
chronization be transmitted. 

(2) Diuider circuit.-The divider circuit counts down the 1 me signal to a :fl!equency suit­
able for use within the remaining portioDs of the timing circuitry. The output from 
this circuit is also fed to the phase correction logic circuit for further use within the 
timing circuits. 

(3) Phase correction circuit.-The phase correction circuit automatically adjustB the re­
ceiver timing if frequency drift OClCUl8 between the transmitting and receiving KW-7. 
This adjustment is accomplisbed by monitoring the stop-start transition of incoming 
data (line input) and correcting the local timing to synchronize it with the incoming 
signal • 

(4) Clock pulse IJf11UI1'(Iting circuit.-The clock pulse generating circuit controls the repeti­
tion rate of the system clock pulses. The clDck pulse repetition rate depends upon 
the setting of the speed selector switch which syncbronizes the KW-7 with the teletype­
writer equipment being employed. 

b. Timing Diagrams (jig. 4-44).-To fully u:odemtand the function of timing, it will :first be 
neceasary to re1ate the various timing :fuuctions to an illustration depicting the sequential 
oocummce of these pu]ses. Prior to discussing .the timing pulses it shou1d be mentioned 
that the phase con'8Ction circait appear on the tiDiing diagram. Although the phase cor­
rection circtdt is an inherent part of the timing it does not play an active part in the actual 
generation of timing pulses. Each pulse generated by the timing circuit is identified on 
the illustration. In addition to pulse identification, the test point or module pin number at 
which these pu1ses may be obeerved, is also identified on the illustration. 
(1) Time standard and divider circuit pulses.-The 1 me output from the time standard is 

fed to a five stage counter (divide by 20) Jocated within subassembly A7. The five 
stages of the divider circuit count the fnndamental 1 me frequency down to 50 kc for 
further use throughout the KW-7. The 50 ke output is fed to the phase correction 
circuit and to the clock pulse generating circuit. 

Note: Figure 4-44 (aheet 1) illustrates two 50 kc pulse trains cme beneath the other. 
In order to illustrate the timing sequence it was necessary to :reduce the ex­
panded 50 kc pulse train to allow sutlicient :room to implement the remaining 
timing pulSes. This practice was also used to divide the IBR (input bit rate) 
and OBR (output bit rate) pulses. 

(2) Clock pulse IJf11UI1'(Iting circuit pulses.---SubassembJy A7 also contains the circuit required 
to generate one of three fundamental clock frequeucies. The selection of the proper 
c1Dck frequency depends on the setting of the speed selector switch which matches the 
c1Dck frequency to the speed of the teletypewriter. Figure 4-44 illustrates the indivi­
dual frequencies generated by each stage of the counter for all thtee teletypewriter 
speeds. The output from the clock pulse generating circuit (1125 cps, 1250 cps, or 
1875 cps) is fed to both the input bit rate and character counter and the output bit 
rate and character counter for further processing. 

(3) lnpui bit rate and c1urraeter pulses.-'Ihe input bit rate and cbaracter counter consists 
of eight stages divided into two separate :fuuctions. The drat five stages combine to 
generate the input bit rate pulse (IBR). Feedback control in the five stage IBR 
counter forces a counting cycle of 25 inatead of a count of 32. The last three combine 
to generate the input character pulSe (IC7). During the normal phase of the send 
mode, if the KW-7 is not actively transmitting data, the input character counter gen­
erates character pulses which consists of eight bits (MOD 8). The eight bit character 
pulses are used by the receive phasing circuit to detect tbat another KW-7 has initiated 
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IMC TPAT-14 

50PKC IA7M021•ll 

liOOKC IA7MD20•ll 

200KC IA7MD9-3 

IOOKC TPA7-Ill 

"'':~ '"T-< 
50KC TPAT-4 

22.5KC TPAT-11 

11.25KC 

* 1125KC 

IA7MDI2-IO 

IA7MDI2·10 

5625 CPS IA7MDI4·10 

llli15CPS IA7MD7•10 

2250CPS IA7MD6-10 

1125CPS '[PAT-12 

6250CPS IA7MDI4-IO 

3750 CPS IA7MD7-IO 

2500CPS .J I fL_J IA7MD6-IO 

1250 CPS __r- ~ TPAT-12 

5625CPS IA7MDI4-10 

li750CPS IA7MD7-10 

1875CPS ~ IA7MD6·10 

1875CPS ...I TPA7-12 

Figure 4-44.-Timing Diagrams (Sheet 1). 
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phasing. '1"he generation of clock pulses causes the first :five stages of the input bit 
rate and character counter to generate mR pulses. The last three stages of the input 
bit rate and character counter generate the input character pulses (IC7). The type 
of input character pu1se is dependent upon the operational mode of the system. For 
purposes of clarity, both the six and eight bit characters will be ezp]ained. The last 
three stagee of the input counter are used to generate IC7 pulses in the eight bit mode. 
The same three stages when controlled by feedback delete two counts and produce 
IC7 pulses in the 6 bit mode. 
Ia) Eight bit character generation.-Fjgw:e 4-44 (sheet 2) illustrates the generation of 

the fire.t mR pu]se. In order to generate an eight bit character it is necessary 
that the three :flip-flops in the character counter be set to one. By observing the 
generation of the IBR pulses and the corresponding output from the three input 
character counter flip-flops this becomes apparent. Table 4-,3 illustrates the 
generation of the eight IBR pulses and the generation of the eight bit character 
pulse. The output signal of :flip-flop AS MD14 is called IC7. The generation of 
the next mR pu1se will begin the process over with the output from the three 
:flip-flops being 011. 

TABLE 4-& 

GENERATION OJ.!' INPUT COUNTER BIGHT BIT CIIABACTER PULSB 

IBRPulse Input Character Counter Flip-Flop Outputs 

MDI MDG MD7 MD14 

Initial State 1 1 1 
1 0 1 1 
2 1 0 1 
3 0 0 1 
4 1 1 0 
5 0 1 0 
6 1 0 0 
7 0 0 0 
8 1 1 1 

tb) Six bit character generation.-Wh.en the six bit character is required the count of 
the input character counter is inhibited for two counts, as shown in figure 4-44 
{sheet 2) and Table 4--4. The output signal of :flip-flop AS MD14 is called IC7. 
The generation of the next mR pu]se will repeat the process. The input counter 
circuit functions are discussed in more detail in paragraphs 4408b(l) and 44036(2). 

TABLE 4-4 

GENERATION OF INPUT COUNTER SIX BIT CHARACTER PULSE 

IBRPulae Input Character Counter Fllp-Flop Outputs 

MDI MD6 MD7 MD14 

1 0 1 1 
2 1 0 1 
3 0 0 1 
4 1 0 0 
5 0 0 0 

1'---· 6 1 1 1 
-
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(4) Output bit rate and c:haracfmo pulses.-The output bit rate and character counter CODSists 
of eight stages divided into two separate functions. The 1imt five stages combine to 
generate the output bit rate pulse (OBR) and the last three combine to generate the 
output character pulse (CTRP). During the phasing mode the output bit rate counter 
will generate eight bits per character pulse. Upon the completion of phasing, the out­
put bit rate counter will generate ll8V8Il bits per character pu1se which iDdicate that the 
KW-7 is in either the indicator or normal mode. The fimt five stages of the output 
bit rate and character counter count down the clock pulses (divide by 25) to generate 
the OBR pulses. The last three stages of the output bit rate and character counter 
counts down the OBR pulses to generate the output character pu1ses. The type of 
output character generated is dependent upon the present operational mode of the 
equipment. For purposes of clarity both the ll8V8Il and eight bit cbaracters will be 
explained • 
(a) Eight bit character generation.-Figure 4-44 illustrates the generation of the 1imt 

OBR pulse. This is accomplished in the same manner as that for the eight bit 
character pulse being generated by the input bit rate and character counter. The 
OD1y dift'erence between the generation of the OBR and the IBR is the initial out­
put of the output character counter. The input character counter was initially 
set to a 111 output. The output character counter is set to a 101 output because 
the output from the three :dip-ftops must perform mo:r:e than one function. The 
various additi<mal functions performed by these ftip-ftops will be covered in the 
detail theory portion of this section and need OD1y be mentioned here to clarify 
the initial use. Figure 4-44 (sheet 2) and table 4-0 illustrate the generation of 
the eight OBR pulses and the generation of the eight bit character pu1se (CTRP). 
The CTRP signal corresponds to the output of :dip-tlop AlOMD14. The gen­
eration of the next OBR pulse will begin the process over with the output from 
the three ftip-tlops being 001. 

TABLE 4-6 

GENERATION 011' OUTPUT COUNTER BIGHT BIT CIIARA.Cl'EB. PULSB 

OBRPulse Output Charaeter Coun$81" P'lip-:Flop Outputs 

MD4 111D8 MD7 MD14 

Initial State 1 0 1 

1 0 0 1 

2 1 1 0 

8 0 1 0 

4 1 0 0 

5 0 0 0 

6 1 1 1 

7 0 1 1 

8 1 0 1 

(b) Seven bit character generation.-When the ll8V8Il bit character is requi:r:ed, one 
count of the eight possible counts is bypassed by feedback. By observing the 
count illustrated on figure 4-44 (sheet 2) and table 4-6 this becomes apparent. 
The generation of the next OBR pu1se will repeat the process. The output counter 
circuits are discussed in mote detail in paragraphs 4403c(l) and 4403c(2). 
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TABLE 4-8 

GENERATION OF OUTPUT COUNTER SEVEN BIT CBAB.ACTER PULSE 

OBRPulse Output Chancter Counter Fllp•Fiop Outputs 

MD4 MD8 MD'T MD14 

Initial State 1 0 1 
1 0 0 1 

2 0 1 0 

3 1 0 0 

4 0 0 0 

6 1 1 1 

6 0 1 1 

7 1 0 1 

c. Loop Input Circuit (fig. 4-46).-The loop input circuit is employed during send operation. 
l 1) 77zoory of operation.-The function of the loop input circuit is to convert the transmitted 

message from the sending teletypewriter into digital information which can be processed 
by the sending KW-7's extensor and control. The conversion of the teletypewriter 
message into digital information is accomplished by converting the opening and closing 
of the teletypewriter TD or keyboard contacts into voltages which represent logical 
ONEs and ZEROs. 

!2) During message transmission, the output contacfB of the teletypewriter o:Pen and 
close in accordance with the transmitted messages. The output conta.ctB of the teletype­
writer are connected to pin 1 of the loop input module. Whenever the contacfB close, 
pin 1 is grounded, cutting off transistor Q1. With Q1 cutoff, its collector output ap­
proaches the collector supply voltage ( +6 volts.) 'Ibis positive voltage is applied to 
the base of Q2 through diode CR2 and RC network C2 and R7. 'Ibis positive voltage 
turns off Q2 and allows the collector voltage to drop from 0 volts to -6 volts. The 
output from Q2 is applied to the base of Q3 where inversion takes place with the col­
lector output (pin 3) approaching 0 volts. The output from the loop input circuit, 
pin 3 is applied to pin 5 of the Schmitt trigger (fig. 4-33). The theory of the Schmitt 
trigger has been discussed previously and need not be repeated here. It will suffice to 
explain thet the Schmitt trigger reshapes the output from the loop input module. A 
logical ONE pulse o~~t from_~ Schmitt trigger represents the closi!lgJl t-=e­
typewriter TD or keyboard contacts. A logical ZERO pUlSe output from "tt 
trigger represents the opening of the teletypewriter TD or keyboard contacts. Nor· 
mally the inclusion of the loop input circuit would not be necessary in that the opening 
and closing of the TD or keyboard contacts can be used by the Schmitt trigger. Due 
to sliding of the relay contacts when they open or close, a .fast series of bounce pulses 
(chatter) appears at the input to the Schmitt trigger as a "staircase" voltage. The 
steps of this waveform are not sufficient to trigger the Schmitt trigger. The integra­
tion of the loop input circuit reduces the .fast series of pulses to a gradual rise (or fall). 
This is accomplished through the use of the RC network, C2 and R7. 

d. Line Input Circuit (fig. 4-46).-The line input circuit is used during receive operations. 
{1) Theory of operation.-The line input circuit converts the transmitted message from the 

sending KW-7 into digital information that can be processed by the receiving KW-7's 
extensor and control. 'Ibis is accomplished by converting the line input current into 
voltages which represent logical ONE's and ZERO's. The line input circuit consists of 
the LINE current selector switch, the line input relay, loop input circuit. and the 
Schmitt trigger employed by the loop input circuit. 
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(2) The transmitted message from the sending KW-7 is applied to pins 2 and 3 on the line 
input relay 1Al8Kl. A bias current is applied to pins 1 and 8 of the line input relay 
from the line input eelector switch. When the sending KW -7 is operating in the neutral 
mode of transrnifllrion, the transmitted message consists of 60{20 milliamperes of cur­
rent for a mark and 0 milliamperes of current for a space. When a mark is applied to 
the line input relay, the +60/20 milliampere current overcomes the bias current applied 
to pins 1 and 8. This action closes the line input relay which in tum applies a ground 
to pin 1 of the loop input circuit. Wbsn a space is applied to the line input relay, 
there is zero current. This action causes the bias current to release the line input re­
lay which then removes the ground from pin 1 of the line input circuit. Wbsn the 
KW-7 is operated in the polar mode of operation, the transmitted message consists of 
+30/20 mil!ia171plml8 of current :for a mark and -30{20 milliamperes for a space. No 
bias current is applied to the line input relay during polar operation. The line input 
relay is operated by the +30{20 milliamperes each time a mark is received. This action 
causes the line input relay contacts to apply a ground to pin 1 of the line input circuit. 
The line input relay is re1eased by the application of the -30/20 m.illiampezes of cur­
rent each time a space is received. This action causes the line input relay contacts to 
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Figure 4-45.-Loop Input/Line Input Schematic Diagram. 

remove ground from pin 1 of the loop input circuit. The theory of operation for the 
line input circuit and Schmitt trigger is identical to that described in the preceding 
paragraph with but one difference; during line input operation it is necessary to jumper 
pin 2 to pin 5 of the loop input circuit. This efl'ectively puts R2 and R5 in parallel 
and allows more cummt to ftow through the line input relay contacts by reducing the 
bias on transistor Ql. 

e. Noise Source (fig. 4-46).-'Th.e noise generation circuit produces ten microsecond bursts of 
band limited noise which are used by the randomizer to produce a random stream of ONEs 
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and ZEROs. The noise source consists of two noise generators, two noise amplifiers, 
a epecial one-shot multivibrator, and a noise gate. Two noise generators and two noise 
amplifters are used so that the KW-7 can continue operating if one pair fai1s. 
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Figure 4-48.-Ncdse Source, Schematic Diagram. 

Ill Noi8e generator (fig. 4-47).-Reverse-biased diode CRl generates random noise which 
is coupled via emitter follower Ql to an audio bandpass filter comprising Rl, R2, R3, 
R7, 02, 03, and C4. The random noise output of the filter, pin 7, is applied to the 
noise amplifier. 

C2) Noise amplifier (fig. 4-48).-'The noise from the noise generator is amplifi.ed by noise 
amplifier Q2 and noise amplifier Qt. The load circuit of Ql (pin 3) is part of the 
noise gate circuit descn'bed below. 
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Figure 4-47.-Noise Generator, Module Schematic Diagram, 
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Figure 4-48.-Noise Amplifier, Module Schematic Diagram. 
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Figure 4-49.-Bpecial One Shot, Module Schematic Diagram. 
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C31 Special one..shot (fig. 4--49).-The positive-going traDsitions of the OBR1 pulses are 
coupled via capacitor C4 and diode CR3 to the input of the special one-shot multivi­
brator comprising Q1 and Q2. A gate pulse output from the one-shot is taken from 
pin 7 and applied to the secondary center tap of transformers T1 and T2 of the noise 
gate circuit. 

C4l Noise p circuit (fig. 4-60).-Resistor R1 and the primary of transformer T1 com­
plete the collector circuit for the second noise amplifier. T1 couples the random noise 
to diodes CRl and CR2. Gating pu1ses from the special one-shot multiVl'brator are 
applied to the center tap of the T1 secondary; these gating pu1ses occur at the OBR 
repetition rate, and serve to back-bias or forward-bias diodes CRl and CR2, thus 
controlling the noise coupled through the diodes to the output. The circuit at the 
bottom of the illustration operates the same way. 

4403. Extensor and Control Detailed Theory.-The detailed theory of operation for the 
extensor and control explains the theory of operation for each functional block described in 
Section 4300. The theory of operation for each functional block is explained in terms of 
logical inputs and outputs (ZERO and ONE). Each logic diagram of a functional unit is sup­
ported by text which defines the individual inputs and outputs. 

a. Clock Pluse Generating Circuit (fig. 4-51}.-The clock pulse generating circuit controls the 
generation of the basic timing (clock) pulses used in the input and output bit rate and 
character counters; in addition the circuit maintains syncbronism. between the sending 
and receiving KW-7's. The circuit consists of a + 10 counter, a deletion counter, a gated 
counter, a variable counter, and the phase correction logic. 
(1) +10 counter.-The 1-megacycle (me) output from the time standard is fed to the + 

10 counter consisting of :ftip-fiops A7-21, A7-20, A7-19, and A7-18. These flip-:flops 
divide the 1-mc input frequency by 10 to give a 100-kilocycle (kc) output. The four 
:flip-flops are connected in aeries, with the output of a given stage being applied to the 
input of the following stage. Each :ftip-:flop divides the input frequency by two. The 
use of four flip-flops normally results in a division by 16 rather than a division by 10; 
however feedback from the fourth :flip-flop to the second and third flip-flops deletes 
six counts from the total count, allowing operation as a + 10 cotmter. The output 
from pin 3 of the fourth stage is fed to flip-:flop A7-17 (the + 2 cotmter) which divides 
the 100-kc input by two to give a 50-kc output. A jack is provided on the input to 
flip-:flop A7-17 to provide an input for an external master 100-kc oscillator. At sites 
having multiple KW-7's, the extemallOO-kc oscillator could serve as a common pulse 
source replacing the function of each time standard and + 10 C01Dlter in all KW-7's 
at the site. The externallOO-kc pulse source, if used, would be divided by 2 to 50 kc 
in :flip-:flop A7-17. 

<2) Deletion counter.-The 50-kc output + 2 is fed to the deletion counter (A7-1 through 
A7-4), gated cotmter flip-:flop A7-11, and to the phase correction logic. The deletion 
cotmter is similar to ~ + 10 counter in that it also uses feedback, by way of AND 
gates A7-13A and A7-13B, to permit operation as a + 10 cotmter. Each time the 
output from pin 3 of A7-4 cb.aiJges from a ZERO to a ONE, gates A7-18A and A7-13B 
reset A7-2 and A7-S, deleting six counts from the total cotmt, and giving a division by 
10 instead of 16. The output from pin 10 of the first stage (A7-1) is applied to NOR 
gate A7-9B. The 5-kc output from pin 10 of the fourth stage (A7-4) is fed to the 
phase correction circuit, and to NOR gate A7-9B. Either this signal, or the one from 
the first stage, will give a ZERO output on pins 12, 18 of A7-9B. 

<3) Gated coun"r.-The gated counter provides a variable frequency signal, centered at 
22.5 kc, to the variable cotmter. The output frequency of the gated cotmter is shifted 
slightly up or down in order to maintain the receiving KW-7 in synchronism with the 
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sending KW-7. The gated counter consists of:ft.ip-fiop A7-11 and NOR gates A7-10A 
andA7-10B. 
!a) First, consider how the gated counter would operate if inputs 5 and 6 of A7-10A 

and inputs 9 and 10 of A7-10B are held at ZERO. Under these conditions, A7-11 
and the two NOR gates operate as an ordinary complementing + 2 counter, 
delivering a 25-kc signal to A7-12. 

Cb) Next, consider the operation when the KW-7 is in the send mode. As soon as 
the 5 KC SLOW RESET becomes a ONE, the output of A7-9B goes to ZERO, 
and the output of A7-9A goes to ONE, enabling input 7 of A7-8 and allowing 50 
kc to set A7-8 to ZERO. This places a ZERO enable on input 6 of A7-10A and 
input 10 of A7-10B. Referring to the waveform chart shown in figure 4-51, it is 
seen that ten 50 kc pulses occur during the interval from t 1 to ta. During this 
same interval, A7-9B outputs a ONE for the first 20 microseconds, from t1 to "tt, 
which disables A7-10A and A7-10B, and prevents the first 50 kc pulse from trig­
gering A7-11. From t, to t 1, A7-10A and A7-10B are again enabled, allowing 
A7-ll to operate as a complementing + 2 counter for the next nine 50-kc pu1ses. 
At t,, the output of A7-9B again goes to ONE, preventing the eleventh 60-kc 
pulse from triggering A7-ll. Thus A7-ll is prevented from responding to every 
tenth 50 kc pulse. In one second, therefore, A7-11 would be triggered 45,000 
times, and would be p~evented from triggering 5,000 times. The output frequency 
is then 45,000 divided by two, or 22,500 cps. This fcequency does not change as 
long as the KW-7 is sending, since there are no LINE IN transitions avai1able to 
trigger A7-8 or A7-16, which in turn would alter the countdown cycle. 

(cJ Finally, consider the gated counter operation when th KW-7 is in receive mode. 
At this time the counter is used to provide a variable countdown of the 50-kc sig­
nal in order to achieve and maintain exact synchronism. between the local clock 
and the 22.5-kc clock in the sending KW-7. Synchronism, or Jack of synchron­
ism, is detected by using two sample sfgna]s, START·mml and OBR·BITl, 
to examine the stop-start transitions of the LINE IN signal. START·mml 
lasts for one-half baud and occurs immediately before the predicted time of occur­
rence of the stop-start LINE IN transition. OBR • BITl begins at the end of 
the ab:>ve time, and lasts for one-half baud after the predicted time of occurrence 
of the start-stop LINE IN transmission. If the line in STOP-START transition 
occurs during START·Oim'I, the receiver clock is running too slow and must be 
speeded up. Conversely, if the LINE IN STOP-START transition occurs dur­
ing OBR·BIT1, the receiver clock is running too fast and must be slowed down. 
When LINE IN stop-start transition occurs exactly at the partition between the 
two time periods the receiving KW-7 is in sync with the sending KW-7. 

(d) Slow phase correction, or a speedup in the local clock frequency, is accompliBhed 
in the following manner. First, observe that with the absence of LINE IN in­
formation, A7-16 is always in the ZERO state. SLOW is a ZERO enable on input 
7 of A7-9B, and the output of A7-9B is a ONE when A7-1 and A7-4 are in the 
ZERO state (that is, for 20 microseconds out of every 200 microseconds). In 
order to speed up the local clock, the output of A7-9B must be kept at ZERO 
during this 20-microsecond interval. Now, if the local clock is Jagging the sending 
clock, the stop-start transition of LINE IN occurs during the interval preceding 
the predicted time, setting A7-16 to ONE. A7-16 drives the output of A7-9B to 
ZERO, enabling input 5 of A7-10A and input 9 of A7-10B; A7-9B also drives 
the oucput of A7..J;)A to ONE enabling input 7 of A7-8. 50 kc sets A7-8 to ZERO, 
placing a ZERO enable on input 6 of A7-10A and input 10 of A7-10B. With 
inputs 5 and 6 of A7-10A and 9 and 10 of A7-10B now enabled, A7-11 then oper­
ates as a complementing counter. 
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(e) Fast phase correction, or a slowdown in the local clock frequency, is accomplished 
in the following manner. If the local clock is leading the sending clock, the stop· 
start transition of LINE IN occurs during the OBR·BITl., time interval setting 
A7-8 to ONE. The ONE output of A7-8 disables A7-10A and A7-10B, stopping 
A7-ll. In order to restart A7-11, the output of A7-9B must be ZERO, as it will 
be, on the average 90 percent of the time. Assuming the output of A7-9B is 
ZERO, A7-9A enables input 7 of A7-8, the next 50 kc pulse resets A7-8 to ZERO, 
and A7-11 resumes counting. If A7-9B is a ONE A7-8 will not be reset to ZERO 
until the first 50 kc pulse after A7-9B goes to a ZERO. 'Ibis 8S81l1'eS the normal 
deletion pu1se. 

(4) Variable counter.-'lbe nominal22.5 kc signal from A7-ll is applied to stage A7-12, 
where it is divided by two, giving 11.25 kc. This 11.25 kc signal is applied to a vari­
able counter composed of :flip-tlops A7-14, A7-7, A7~, A7-fJ, and AND gates A7-18C, 
A7-18D, A7-13E and A7-13F. The variable counter divides its input frequency by 
10, 9, or 6, depending upon the setting of WPM SPEED SELECTOR switch ffl. 
With fJ1 set to 60 WPM, gates A7-13C and A7-1SF are disabled, while A7-18D and 
A7-13E are enabled. When output 3 of A7-fJ goes from ZERO to ONE, a reset pulse 
is fed via gates A7-13D and A7-13E, to :flip-:flops A7-7 and A7-6. 'Ibis action deletes 
six counts from the totaJ. permitting operation as a + 10 counter. The output fre­
quency under these conditions will be 11.25 kc divided by 10, or 1125 cps. If S7 is 
set to 67 WPM, gates A7-13C, A7-18D, and A7-18E are enabled. When output of 
A7-5 goes from ZERO to ONE, a reset pulse is fed via gates A7-13C, A7-13D, and 
A7-13E, to :flip-flops A7-14, A7-7, and A7~. 'Ibis deletes seven countB from the 
total, permitting operation as a + 9 counter, and giving an output frequency of 11.25 
kc divided by 9, or 1250 cps. If ff1 is set to 100 WPM, gates A7-18D, A7-18E, and 
A7-18F are enabled. When output 8 of A7~ goes from ZERO to ONE, a reset pulse 
is applied via gate A7-18F to input 4 of A7-5, causing output 8 of A7-fJ to go from 
ZERO to ONE. A second reset pulse is now applied via gates A7-1SD and A7-13E, 
to :flip-:flops A7-7 and A7~. This action deletes ten countB from the total, permitting 
operation as a + 6 counter. The output frequency is now 11.25 kc divided by 6, or 
1875 cps. 

b. Input Counter Circuit (fig. 4-62).-The input bit rate and character counter controls the 
generation of the IDR and IC7 pulses. These pulses are used to sample the input informa­
tion bit rate and character rate. The input bit rate and cbaracter counter is divided into 
two logical functions; the generation of the ffiR (input bit rate) and the generation of the 
IC7 (input character) pulses. The following discussion coDSiders each function separate]y. 
(1) Input bit rate counter.-The input bit rate counter is comprised of a five-stage counter 

(flip-flops AS-1 through A.S-5) and three AND gates (A8-18A through A8-13C) . 
Each flip-flop, when changing state from ZERO to ONE, generates a pulse which 
triggers the following :flip-flop; transitions from ONE to ZERO have no eft'ect. With­
out the AND gates, the counter would divide by 32. The AND gates, however, apply 
feedback which causes the counter to divide by 25. An initial count of 1-1011, read­
ing from left to right, is inserted into the counter by a MISS pulee applied to pin 6 of 
A8-3 and to pin 12 of AS-1, AS-2, AS-4, and .AS-0. Each clock pulse applied to AS-
1 deletes one count from the total. After 11 clock pulses have been applied to AS-1, 
the count is 00001. After 12 clock pulses, the count is 11110. The transition of AS-
5 from ONE to ZERO drives :mRI from ZERO to ONE, causing AND gates A8-13A 
through A8-13C to reset AS-1, AS-2 and AS-3. 'l'bis deletes seven counts, dropping 
the total from 11110 to 00010. Counting continues until 25 clock pulses have been 
applied to AS-1, at which time the counter is back to its original state, 11011. 

(2) Input character counter.-The input character counter, consisting of flip-flops .MH;, 
AS-7, AS-14, AND gates A8-13D, A8-13E, and NOR gate A8-16B, is a three-stage 
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counter which generates the input character pulses (IC7); an additional function is 
the generation of gating signals for the input counter set generator. The input char­
acter counter must divide the mR frequency by 8, that is, generate an 8-bit IC7 pu1se, 
at all times except when the equipment is receiving information from the sending tele­
typewriter during send normal operation, during indicator, and plain asynchronous 
modes. Under the latter conditioDS, the counter divides the mR frequency by 6 to 
generate a 6-bit IC7 pulse. The + 8 and + 6 operations are performed in the follow­
ing manner. When an 8-bit character is to be generated, the MOD 6 and PA signals 
applied to gates A8-13D and A8-13E are ZEROS, and both gates are disabled. AS-6, 
AS-7, and AS-14 now operate as a conventional divide-by-eight counter, and an 8-bit 
IC7 pulse appears at output 10 of AS-14. A 6-bit character will be generated, when 
the CIPHER-PLAIN-REMOTE switch is set to PLAIN ASYNCHRONOUS mode 
and also when data is present in tbe send normal mode. When either the MOD 6 or 
PA signal is ONE, A8-13D or A8-13E will be enabled. Each time output 3 of AS-14 
goes from ZERO to ONE, a pulse is applied to input 4 of AS-7. This pulse rese1B AJ!r7, 
deletes two counts from the total, and produces a 6-bit character at output 10 of AS-14. 
NOR gate A8-16B outputs a ONE to the receive phasing P&l indicator and set gen­
erating circuit when both inputs are ZERO. The input counter set generator in turn 
generates a MISS pulse which resets all stages in the input bit rate and input character 
counters. The action is shown in a timing diagram located on figure 4-52. 

c. Output Counter Circuit (fig. 4--.;8).-The output counter logic generates the following timing 
pulses: OBR (output bit rate), OBR1, OBR2, <mm, CTRP (output character rate), 
CTRP, CTRP1, START, START, STOP, OBR·BITl. P, P, Pd, and Pd. The circuit 
consists of the output bit rate counter, the output character counter, the start and stop 
generators, the OBR·BITi generator, the P pulse generator, and the Pd pulse generator. 
(1) Output bit rote counter.-The output bit rate counter is used to retime the 7.42 baud 

input data into 7.0 baud output data. The output bit rate counter is a five-&tage 
counter comprising 1lip-11ops Al0-1 through A10-5 and AND gates A10--9A through 
A10--9C. Without the AND gates, the counter would divide the CLOCK frequency 
by 32, however, the AND gates feed reset pu1ses back to the first three stages. deleting 
seven counts for an overall division ratio of 32 -7 = 25, The seven pulses are deleted 
in two separate steps, as follows. A SET pulse sets the counter to an initial count of 
00111 (decimal 28). Each CLOCK pulse applied to Al0--1 deletes one count from 
the total. After 12 CLOCK pulses have been applied to Al0--1, the counter contains 
a count of 28 - 12 = 16. Sixteen expressed in binary form is 00001, which indicates 
that A10--1, Al0--2, A10--3, and A10--4, are in the ZERO state, and A10-5 is in the 
ONE state. The thirteenth CLOCK pulse reduces the count to 15(11110), at which 
time A10--5 goes from the ONE state to the ZERO state. This causes the mmi out­
put of inverter Al0--11 to go from ZERO to ONE, resetting A10--3 to ZERO via AND 
gate A10--9C. With A10--3 reset to ZERO, four counts are deleted from the total, 
leaving a count of 15 - 4 = 11 (11010). The counter now counts normally for the 
next 11 CLOCK pulses until zero (00000) is reached. The next CLOCK pulse sets 
A10--1 through Al0-5 to ONE. The total count is now 31 (11111). However, this 
condition can only exist momentarily, because tbe ZERO-to-ONE transition of Al0-5 
causes the i:nput to inverter Al0--10A to go from ONE to ZERO. The OBR2 output 
of A10--10A goes from ZERO to ONE, resetting A10--1 and Al0--2 to ZERO via A1;,ID 
gates Al0--9A and A10--9B. With Al0--1 and Al0--2 reset to ZERO, three counts are 
deleted, giving a count of 31-3 ... 28 (00111). This is the same condition that existed 
when the count down started, so that the cycle is now ready to be repeated. The 
counter output signal OBR (output bit rate) is, as descn'bed previously, 1/25 the 
CLOCK frequency. 
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(2) Output c'horctctm cormter.-During send pbasjng, each input character consisfB of 8 bits. 
At all other times, it oonsists of 7 bits (start bit, 5 idmnation bits, stop bit). There­
fore, the output character counter (:flip-:flops Al0-6, Al.0-7, and A10-14, plus AND 
gate Al0-9D) must divide the frequency of the OBR signal send by 7 during indicator 
and normal and by 8 at all other times. 
(a) During phasing, the I&N signal on input 19 of AND gate Al.0-9D m a ZERO dm­

able which allows Al0-6, Al0-7 and Al.0-14 to operate as an ordinary + 8 counter. 
(b) During indicator and normal, I&N m a ONE enable. A SET pulse sets the 

counter tO an initial count of 5 (101), (:reading from 1eft to right). The first 
OBR pulse deletes cme count from the total, 1ea.ving 4 (001). The second OBR 
pulse deletes auother count, leaving 8 (110). This condition, however, m UDStable 
because A10-14, in going from the ONE state to the ZERO state, applies a reset 
pulse to Al.0-6 via AND gate Al.0-9D. With A10-6 nset to ZERO, one count 
m deleted, leaving a count of 2 (010). After two more OBR pu]ses, the counter 
contains a count of zero (000). The nst OBR pulSe sets A10-6, Al.0-7, and Al.0-
14 to ONE, giving a count of 7 (111). The nst two OBR pulses deJete two 
counts, leaving 5 (101~. The counter m now back to its initial state, ready for an­
other cycle. 'I'he counter output, CTRP, m inverted by A10-21A to form the 
OTRPi signal which is applied to the TD step circuit. 

(8) Stmt generator.-The start generator Al.0-12A produces a START pulse during the 
:first bit of each character. ~T ~is I!Quired during send cipher operation 
to hncip- ofba'iid'Oe&$. ~-. Inputs to Al.0-12A are olf.'m. and . The waveform chart shown in figure 4-03 indicates that 
during a given countdown cycle these three signals are sim.ultaneous1y ZERO only for 
the duration of one bit. Al.0-12B inverts the START pulse to produce a START 
pulse which is used for phase correction. 

(4) &op smerotor.-Bimilar)y, stop geuerator A10-18A 
bit of each character to mevent. 

1SA -ne··oe5;··oa;;· inci' CTRP. The Wavefoiom. chart indicates t'liat these signals are 
simultaneously ZERO only for the duration of one bit; however, this condition occurs 
se,ven bif8 later than the START pulse. 

NofAJ: The two preceding paragraphs describe the generation of the START and 
STOP pulses during indicator and normal. During phasing, the START and 
STOP pulses are generated in a similar manner, but the STOP pulse occurs 
eight bi1B later tban the START pulse. 

(5)0B 70wB~r·..,.BrwiT~'1 

junction 

from 
t1 tot., is determined by START omtl, whiJe the~ period,~ t. tO ta, m 
determined by OBR·BITl. The predicted time of occu.mmce of the LINE IN stop­
start transition is at t.. If the transition OCCUl'll at this time, the receiving KW-7 m 
in the sync with the seoding KW-7, and no phase correction m !M'C81!8ary. However, 
if the transition occurs between t1 and t., the receiving KW-7 m lagging the sending 
KW-7, and the phase correction logic increases the local clock frequency. Conversely, 
if the transition occurs between t. and t., the receiving KW-7 m leading the sending 
KW-7, and the phase correction circuit reduces the local clock frequency. The mnt= 
mTi generator (A10-18B and Al.0-100) generates the OBR•BITl pulse which oc­
curs irmnec:Jiately after the end of the START pulse, and lasts for half the duration of 
one bit. Inputs to NOR gate A10-13B are, OC5, ~, and CTmii. The wavel.'orm 

,..,. ... ~.., ... .....,... ..... ORIGINAL f 93 



ID: 3559654 
,.,.. ... ..,-r.rr'rtt._.., .......... .,.. 
euxv:a: mn1• OLLH..LI 

Start-Stop 
Transition • 

LINE IN T 

START.OBR1 u 
t
.,. ltt2 

1 ' 
OBR.BIT1 u 

Sample Interval 
(START. O'BRi + 

OBR.BIT1) 

t 
t3 

J I I 

t 1 t2 t 3 

KAM-143BrrSEC 

chart in :figure 4-03 shows that these signals are simultaneously ZERO when, OC5 ... 
ZERO, OC6 = ONE, and CTRP = ONE. During this interval, that is, during the 
first half of the first bit, Al0-13~ a ONE on input 9 of inverter AlO-lOC which 
in tum produces a ZERO OBR·B . 

(6) P pulse generator.-The P pulse generator (Al0-9E and Al0-20) generates a P pulse 
at the start of each character unless a break condition ezists. 'l1rls pulse occum after 
the stop bit of each character, IUld is used to reset various :ftip-tlops in the send phasing 
logic and the send and shift transfer circuit. The BREAK sigDal on input 20 of AND 
gate A10-9l!l is a ONE enable if no break has occurred. Each time CTRP goes from 
ZERO to ONE, A10-9E produces a ONE pulse which triggers one-shot multivibrator 
A10-20. Al0-20 produces a P pulse which has a duration of 34 microseconds. Al0-
20 is prevented from produciDg a P pulse during SET 1 by a ONE applied to input 8 
via truncated diode AlO-lOB; a P pulse at this time would establish undesired condi­
tions in other portions of the extensor and control. Inverter A10-21B inverts the P 
pulse to produce P. 

l7) Pd pulse gco.nerator.-The Pd pulse generator (~0-9F and Al0-19) produces a Pd pulse 
which occurs immediately after the end of the P pulse. The Pd pulse is used to trigger 
circuits in the send and shift transfer logic which, because of transfer delays, cannot 
be triggered by P. At the end of the P pulse, when the Pis going from ZERO to 
ONE, AND gate A10-9F produces a ONE pulse which triggers one-shot multivibra­
tor Al0-19. Al0-19 generates a Pd pulse having a ONE duration of 34 microseconds. 
Inverter A12-16 inverts Pd to produce Per. 

d. Phase correction circuit (fig. 4-64).-The phase correction circuit corrects any di1ference in 
frequency between the time standard in the receiving KW-7 and the time standard in the 
traliSmitting K W--7. The circuit is composed of the slow test gate. the slow phase detector, 
the fast test gate, and the fast phase detector. 
!1) Slow test gate.-U the local KW-7 timing is lagging the sending KW-7, slow test gate 

A7-15B willproduceaSLOWGATE (SG) pulse for one-balfth.edurationofthe START 
bit of each character during indicator and normal operation, (receive mode). A7-15B 
has the following inputs: I&N (ZERO at all tizpes except during phasing); SEND 1 
(ZERO during receive);~ (ZERO during start bit of each character); and OBRl 
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(ZERO for one-half the duration of a bit). When all four inputs are simultaneously 
ZERO, A7-15B delivers a ONE SG pulse to the slaw phase detector. 

(2) Slow phase detector.-The SG level from A7-15B eoables input 2 of slow phase detector 
A7-16. If a ONE IN pulse occurs while SG is present, slow phase detector A7-16 is 
iriggered to the state where output 3 (SLOW) is a ONE. This condition prevails until 
A7-16 is reset by the next SLOW RESET pulse from the clock pulse generating circuit. 

(3) Fast test gate.-Fast W8t gate A7-15A is enabled by DtR and SEND 1 only during 
indicator and normal phases of receive operation. A7-15A places a ONE eoable on 
input 2 of fast phase detector A7-8 during OBR·BITl, which is a ZERO for one-half 
baud after the predicted time of occurrence of the LINE IN stop-start transition. If 
the receiving KW-7 clock is leading the sending KW-7 clock, the LINE IN transition 
will occur while the A7-15A output is ONE, setting A7-8 to ONE. 

(4) Fast phase detector.-H a LINE IN stop.start ~tion occurs whlle F.Mfr GATE is 
present on input 2 of fast phase detector A7-8, it is switched to the ONE state at output 3 
(FAST) is a ONE. This condition prevails until A7-8 is reset by the next 50 KC fast 
reset pulse from the clock pulse circuit, un1ess input 7 is inhibited by a ZERO+ 10 
DELETION puJse from the clock pulse circuit. 

e. Data Input Circuit (fig. 4-66}.-The data input circuit allows the LOOP IN lrignal from the 
loop input circuit, or LINE IN signal from the line input clrcuii; to be fed to the key gen­
erator, data extensing logic, and send normal logic. The circuit is composed of loop input 
gate and the line input gate. 
(1) Loop input gate.-The loop input gate allows the loop input signal LOI2 from the local 

teletypewriter to be fed to the input gate during normal send operation, if phasing 
cbaracters from another KW-7 have not been detected. The loop input gate CODSista 
of the loop input integrator A11-15, Schmitt trigger All-8, NOR gate All-20A, inver,. 
ter All-20B, and NOR gate All-9. 
(a) Input signals to NOR gate All-20A are Pro, Prn. and BEND it PCO and Prn: 

are both ZERO when tbe phasing counter is inactive, that is, when no phasing in­
formation is being received from another KW-7. SEND 1 is ZERO during send 
operation. Thsrefore, when these two conditions, are:--m¢, Al1-20A trausfers a 
ONE to inverter A11-20B, which in turn places ~ S'LE ZJ;lRO eoable on input 7 
of All-9. Input 10 to All-9, NORMAL 3, :is a ZJmQ..enable during normal oper­
ation. The P'IS line on input pin 3 of All-9 will be a ZERO as long as LOI2 data 
is actively triggering the loop input circuit. If loop input data stops, a 10 second 
delay occurs before the PTS signal becomes a ONE to inhibit NOR gate All-9, 
forcing the LOIG output to a ZERO. 

(b) Teletypewriter signal LOI2 is applied to loop input integrator A11-15, which re­
moves spike sand spurious voltages from the LOI2 sipal. The output of All-15 
is shaped into rectangular LOIST puJses by Schmitt trigger All-8. These puJses 
are applied to one input of NOR gate A11-9. If SLE, NORMAL 8, and PTS are 
all ZERO, All-9 tl'aDsfers LOIG directly to NOR gate A8-18A, and also through 
the LOOP OUTPUT INHIBITOR switch S8 (in the AIJ..l)W position) to NOR 
gate A11-3B. If the loop output is not desired (ie. when the two-wire loop adapter 
unit is being used) the LOOP OUTPUT INHIBITOR switch will open the circuit 
when placed in the INHIBIT position. 

(c) NOR gate A8-18A passes either loop information or line information. The opera­
tion of the data input circuit is such that either the LOIG or LINE IN signal, but 
not both, can exist at the input of A8-18A. The reason for this is that the start 
ba;ud of the LOIG signal sets MOD 6 flip-flop to a ONE, (fig. 4-62) which disables 
NOR gate A8-17B. This prevents generation of the ONE IN signal and places a 
ZERO enable on input 6 of A8-18A. Under these conditions, ABIN consisfs of 
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loop information. MOD 6 remains ONE until the end of the last LOIG informa­
tion baud, at which time it returns to ZERO and remains at that level until the 
start baud of the next LOIG character. If there is no loop activity, LOIG is a 
constant ONE which places a ONE disable on input 9 of NOR gate Al1-9. This 
drives the output of All--9 to ZERO, placing a ZERO enable on input 7 of A8-
18A. ABIN now consists of line information from A8-17B. Inverter A8-18B 
inverts ABIN to form AmN. 

Cd) NOR gate All-8B contro1s the flow of information which is used to generate local 
copy. In normal send operation, MOD 6 is ONE during the start and informa­
tion bauds of each LOIG character. This ONE drives the output of gate AI1-8A 
to ZERO, enabling input 10 of A11-8B. The LOIG signal applied to input 9 of 
Al1-8B now generates the GATED LOOP IN signal which is fed to the loop output 
logic for printing out local copy. However, if the KW-7 is operating in there­
ceive p]ain asynchronous mode, the LIIST signal will be 7.42 baud asynchronous 
instead of the normal 7.0 baud synchronous. This signal does not have to be de­
ciphered, and after synchronization by NSC flip-flop All-18, can be fed to the 
local page printer without further processing. During receive plain asynchronous 
operation, the LOIST signal on input 9 of All-9 is a ONE. This ONE results in 
a ZERO enable on input 9 of All-8B. The PA and MOD 6 inputs to All--3A are 
both ZERO, permitting the 7.42 baud asynchronous LUST signal to be inverted 
and applied to input 10 of Al1--3B. All-8B inverts the signal and feeds it to the 
loop output circuit for generation of local copy. 

!2) Line input gate.-The LINE IN signal is gated through the line input gate circuit by 
NOR gate A8-17B, during send normal operation, unless information is being received 
from the local teletypewriter. If the local teletypewriter is sending an input, the MOD 
6 signal is a ONE, which inhibits the line input gate. During send phasing and indicator 
periods MOD 6 is a ZERO enable signal, but NOR gate A8-17B is then inb.J.mted by a 
ONE s,N signal. 

ca) The line input gate circuit is composed by NOR gate All-8A, nonsynchronous 
control flip-flop All-18, NOR gates AS-15, A8-17A, and A8-17B. The MOD 6 
signal is a ZERO enable during all receive operations, during send phasing and 
send indicator, and during send normal operation on1y is no information is being 
sent by the local teletypewriter. Thus the MOD 6 ZERO signal enables NOR 
gates All-8A and A8-17B. The NORMAL 3 signal on input 5 of A8-17A is a 
ONE during normal operation, placing a ZERO S·R enabling signal on pin 7 of 
A8-17B during send normal operation. The SEND 8 signal on ~ut 6 of A8-17A 
becomes a ONE during all receive operations placing a ZERO S·N enabling signal 
on pin 7 of A8-17B. Thus the MOD 6 signal and the S·N ~~ enable NOR 
gate A8-17B to gate LIIST through and produce the LINE signal which is 
applied to the phase correction circuit, the clock pulse generating circuit, the re­
ceive phasing circuit and to NOR gate A8-18A. Since LOIG is a constant ZERO 
(in the absence of loop activity) pin 7 of A8-18A will be enabled. Therefore, the 
LINE IN signal will be gated through A8-18A to produce ABIN data signals and 
ABIN (through NOR gate A8-18B) for application to other circuits throughout 
the KW-7. The DNE IN signa] will be gated in the manner just described dur­
ing all receive operations (except plain asynchronous) and during send normal pro­
viding no loca1 teletype input is being applied. 

(bl During receive plain asynchronous operation, LUST is gated through All-8A by 
the MOD 6 ZERO and PA ZERO signa1s which enable All--3A. At this time the 
PAONE signal inhibits A8-17B preventing occurrence of LINE IN at the output 
of A8-17B. The :first bit of LIIST which passes through All-8A, sets a ZERO 
into non-synchronous flip-ftop All-18. The ONE Nm:: signal produced on pin 3 
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of A11-18 is sent to the receive phasmg circuit where it causes a MISS pulse to 
be geuerated. This, in tum. sets the input counter in synchronization with the 
input character. The input counter (fig. 4--02) counts for one character time. 
When LUST was gated through All-aA, besides setting a ZERO into All-18 it 
also was applied to pin 10 of All-3B. NOR gate A11-3B was previously en­
abled by a constant ONE LOIG on pin 9. Therefore LIIST passes through All-
3B as gated loop in data for application to the loop output circuit. The input 
counter generates mR puJses which synchronize the transfer of data through the 
loop output circuits to the page printer. After one character time has elapsed the 
input counter generates an IC7 signal which sets non-synchronous ftip-:O.op All-
18 back to ONE. As each teletypewdter character is received asyncbronous]y, 
the circuit operation just described is repeated whi1e in receive plain asynchronous 
mode. 

f. Send Phasing Circuit (jig. 4--66).-'Ibe send phasiDg circuit generates the SEND levels which 
are used within the KW-7. This circuit a1so energizes the SEND indicator lamp when 
the KW-7 is in the SEND mode of operation. Th8 send phasing circuit is composed of 
the following: the SEND switch, toggle fiip-:liop A6-7, NOR gate AS-20, send fiip-:liop 
A6-0, BG 1lip-:liop A6-6, AND gate A6-11, power inverters A6-12, A6-13A, and A6-13B, 
lamp driver All-19, and inverter Al1-5. 
(1) Prior to the initiation of send operation, fiip-:liops A6-7 and A6-5 have been set to the 

ZERO state by a POWER SET pu]se via diodes A6-16A and A6-16B. Send opera­
tion is initiated by depressing the SEND switch, placing a ONE enable on input 7 of 
toggle 1lip-ftop A6-7. The next P pulse sets A6-7 to the ONE state, pJacing a ONE 
enable on input 7 of send 1lip-1lop A6-5, and on input 1 of BG ftip-:ftop A6-6; since the 
BG :fli.p-ftop has already been liltlt to the ZERO state by a SET pulss the BG ZERO 
disable remains on input 2 of A6-5. 

(2) Meanwhile, the output counter is counting continuously. As soon as the output counter 
reaches the state where OC6 and ~ are both ZERO, NOR gate A6-20 outpu1B a 
ONE to input 8 of send 1lip-ftop A6-5, setting A6-0 to the ONE state. A6-5 generates 
a ONE which is applied to the indicator control logic and to input 7 of BG 1lip-1lop A6-
6. The SEND button is now released, after five seconds, placing a ONE enable on in­
put 2 of A6-7. The next P pulse resets A6-7 to the ZERO state, giving a ZERO-to­
ONE traJJsition at output 3 of A6-7. This sets the BG ftip-ftop to the ONE state, plac­
ing a ONE enable on input 2 of A6-5; the ONE enable is neceseary for the generation of 
a SET signal in case phasing must be re-initiated at some later time. 

(3) The SEND ONE condition brought about by the eequence described above prevails 
until, 1) a POWER SET signal occurs, as might be caused by an alarm or break condi­
tion or, 2) the KW-7 detects four phasing characters on its line-in circuit. In the latter 
case, a LIG (lock in gate) signal appears at input 16 of AND gate A6-11. This signal 
resets A6-5 to the ZERO state, and sets the SEND signal to ZERO. The local KW-7 
automatically is shifted from send to receive operation. 

(4) SEND is b,.verted by power amplifier A6-12 to from 'l'llSE"-"'NDA'R'-:::1. SEND 1 in turn is 
inverted by power amplifier A6-13A to form SEND 2. 

(5) SEND is inverted by power amplifier A6-13B to form SEND 1. The latter signal is 
inverted by inverter All-5 to form SEND 2. 

(6) During send operation, the SLE signal from the data logic is a ZERO. This gives a 
ONE at pin 4 of lamp driver All-19, energizing the SEND lamp and a ZERO at pin 12 
energizing the remote send lamp. 

g. ReceirJe PluJBing, P&I Indicator, and MISS Pulse (Counter Set) Generating Cirouit (fig. 
4--51).-The receive phasing, P & I indicator, and counter set generating circuit performs 
three major functions. It synchronizes the timing of the receiving KW-7 to the timing of 
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the sending KW-7, provides a visible indication to show when the KW-7 is operating in the 
phaaing or indicator modes of operation, and generates MISS pulses which reset the input 
counter. The logic is composed of receive phasing circuit, the P&I indicator circuit, and 
the MISS pulse generating circuit. 
t 1) Receiue phasing circuit.-The receive phasing logic synchroni¥es the timing of the re­

ceiving KW-7 to the timing of the send KW-7. The circuit is made up of the T8 gener­
at.or, the phasing drive generator, and the phasing counter. 
1 aJ T8 generator.-The T8 generator (:flip-f:l.op AS-8) produces T8 pluses having a pulse 

width o£9/25 of a baud at the frequency of the input character pulses. These pulses 
are used during receive phasing to establish synchromisim between the receiving 
KW-7 and the sending KW-7. In order to synchronize, the timing of the input 
counter is shifted until T8 brackets the stop-start transition of the LINE IN 
signal. The IC7 input character pulses :from the input character counter are 
applied to flip-f:l.op A8-8 setting A8-8 to the ONE state. The IC0 output of input 
bit rate counter is applied to the input of A8-8 while the rca output of the input 
bit rate counter is applied to input 2 of AS-B. AS-8 is reset when the fCO and ro3 
outputs of the bit rate counter are ONES. Since this occurs after a count of nine 
clock pulses, the pulse width of the T8 pulse is 9/25 of a baud. The IC7 signal 
applied to input 8 resem AB-8 to ita initial state. The T8 pulses are fed to the phas­
ing drive generator, while the T8 pulses are fed to the send normal logic. 

(bl Phasing drive generator.-The phasing drive generator (f:l.ip-f:l.op AB-9) detects the 
coincidence of the stop-start transition of the UNE IN characters with the T8 
pulses from the T8 generator. If the stop-start transition occurs during the T8 
pulse, the phasing drive generator ~roduces a logical ZERO PHASING DRIVE 
pulse and a logical ONE PHASillr DRIVE pulse. However, if the stop-start 
transition does not occur during TS, the phasing drive generator produces a logical 
ZERO PHASING DRIVE pulse and a logical ONE PHASING DRIVE pulse. 
The T8 output of the T8 generator is applied to f:l.ip-f:l.op AS-9. Since input 2 is 
grounded, the flip-f:l.op goes to the ONE state. The LINE IN signal is applied to 
input 8 of the f:l.ip-f:l.op. If the logical ONE start bit of the LINE IN character 
occurs during the logical0NET8signal,A8-9will be reset to the ZERO state. How­
ever, if the start bit of the LINE IN character does not occur during TB, the f:l.ip­
flop will remain in the ONE state. The output from the ONE side of the f:l.ip-f:l.op 
is applied to AND gate AS-21B. The other input to A8-21B is the rn7 input 
character pulse. If f:l.ip-f:l.op AB-9 remains in the ONE state when the IC7 input 
character pulse is applied, AB-21B will ~duce a logical ONE output. However, 
if AB-·9 is in the ZERO state when the IC7 input character pulse is applied, A8-21B 
will produce a logical ZERO output since it is inhibited by a logical ZERO signal 
from the f:l.ip-f:l.op. A ONE pulse from AB-21B triggers one-shot multivibrator 
AB-20. The pulse output from A8-20 is applied to set driver AB-19, which de­
livers a MISS pulse to the input control circuit and to the receive phasing cir­
cuit. The MISS pulse resets the T8 generator and the phasing drive generator 
to their initial states. 

eel Phasing counter.-The phasing counter is a conventional two-stage f:l.ip-flop 
counter which consistf! of AB-10 and AB-11. The phasing counter divides the 
PHASING DRIVE pulses by four. The two :fl.ip-f:l.ops are connected so that the 
output from the one side of AB-10 is used as a trigger input to AB-11. When the 
first PHASING DRIVE pulse triggera flip-flop AB-10, it goes to the ZERO state. 
Therefore, the trigger pulse applied to AB-11 will be a logical ZERO and have no 
effect on the flip-f:l.op. When the second PHASING DRIVE pulse triggers AB-10, 
the :fl.ip-f:l.op goes to the ONE state. This action produces a logical ONE trigger 
pulse which sets AB-U to ZERO. AB-10 and AB-11 continue to change- state 
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whenever triggered by a logical ONE trigger pulse. However, each :ftip-:flop must 
~gered twice to produce a logical ONE output. Therefore, four logical ONE 

ING DRIVE pulses are necessary for the Pel output of the second stage of 
the :ftip-:flop to be a logical ONE. 

(2) MISS pulse generating circuit.-'llle MISS pulse generating circuit, composed of in­
verter A8-15A, AND gates A8-21A through A8-21E, one-shot multivibrator AS-20, 
and set driver AS-19, produces a MISS pulse which resets the input counter andre­
ceive phasing logic. AND gates A8-21A through A8-21E have a common output, 
which is applied to one-shot multivibrator AS-20. This arrangement permits trigger­
ing AS-20 when any one of the followiDg conditions is :realized: 
(a) AND gates A8--21C, A8--21D, and A8-21E are permanently enabled by the ground 

connection to inputs 8, 20, and 18 respectively; therefore one-shot AS-20 will be 
triggered by a ZERO-to-ONE transition of the non-synchronous control flip-:flop, 
a POWER SET pulse, or a ZERO-to-ONE transition of PL. 

(b) AND gate A8-21A aids in detection of phasing in the following manner. If the 
receiving KW-7 is in synchronism with the sending KW-7, IC6 and IC7, from the 
input character counter, will always be ONE's during the ZERO-to-ONE transi­
tion of the lJNE IN signal This condition will place a ONE on the input of in­
verter A8-15A, and a ZERO disable on input 15 and AND gate A8-21A. With 
A8-21A disabled, the ZERO-to-ONE transition of the LINE IN signal is prevent­
ed from triggering one-shot As-20, DO MISS pulse is generated to reset the phasing 
counter, and the phasing counter continues counting phasing characters. However, 
if the receiving KW-7 is not :In synchronism with the sending KW-7, either IC6 or 
IC7 will be a ZERO during the ZERO-to-ONE transition of the LINE IN signal, 
placing a ZERO on the input of A8-15A. This will place a ONE enable on~ 
15 of A8-21A. With A8-21A enabled, the ZERO-to-ONE transition of the LINE 
IN signal triggers one-shot AS-20. AB-20 generates a MISS pulse which resets 
the input character counter to 111. This shifts the input character counter timing 
so that the next IJNE IN transition will occur during T8 time, which is the con­
dition required for aynchronism. 

(c) AND gate A8-21B resets the phasing counter if phasing is started but not com­
pleted. Assume that only one legitimate phasing character :is received instead of 
the four required for successful phasing. The PHASING DRIVE signal enables 
input 19 of A8--21B for 9/25 of a baud. During this interVal ro7 does not undergo 
a ZERO-to-ONE transition, so that A8-21B does not trigger one-shot AS-20. 
However, if a second phasing character is not received, the PHASING DRIVE 
signal is left at ONE, permitting the next ZERO-to-ONE transition of rn7 to 
trigger one-shot A8-20. AB-20 generates a MISS pulse ·which resets the phas­
ing counter for another phasing cycle. 

(8) P&l indicator circuit.-The P&I indicator cireui.t allows the operator to visually 
determine when the KW-7 is operating in the phasing or indicator modes of operation. 
'llle P&I indicator circuit, comprising NOR gate A8-21 and lamp driver Al0-8, must 
complete the operating path for the P&I indicator lamp during phasing and indicator 
phases of both send and receive operations. 'llle lamp driver completes the operating 
path for the P&I indicator lamp whenever it is fed with a ZERO input. Since a NOR 
gate produces a ZERO output when any of ita inputs is a ONE, NOR gate AS-21 will 
cause the Jsmp driver to light the P&I indicator lamp if any of ita inputs is ONE. The 
S · N signal from the data input logic is applied to input 7 of AS-21. The S • N signal is a 
ONE during phasing and indicator phases of send operation, causing the lamp driver to 
complete the operatingpathfortbeP&Iindicator. The POO and POI outputsofthe 
phasing counter are also applied to A8-21. During phasing, either POO and/or Pm is 
ONE. This condition causes the lamp driver to complete the cireui.t for the P&I indica-

,nvvwn~ ORIGINAL f99 



CID: 3559654 
G9.!Jii!IBRN'fl:ti:l KAM-143BrrSEC 

tor lamp during phasing of receive operation. The BG ·lim signal applied to input 5 of 
A3-21 is a ONE only during indicator, thereby causing the P&I indicator lamp to be 
illuminated during indicator period. The output from pin 12 of lamp driver Al0-8, 
causes the remote lamp, if connected, to be euergized at the IllUDe time as the P&I lamp. 

h. 8. T. Power Set, Power Set, andGenerafxlrCircuit (ftg. 4-68).-TheS. T. power set, power set, 
and counter set generator circuit generates the SET and SET 1 pulses for use throughout 
the extensor and control and in the key generator. 
C1) S. T. Power set generator.-The ST POWER SET pulse is generated in the following 

manner. When power is applied to the KW-7, the time delay generates a negative-going 
ramp voltage which, after approximatley 200 milliseconds, reaches the critical level 
required to fire Schmitt trigger A6-15. A6-15 transfers a step voltage to inverter 
A6-16. The positive-going tr8DSition of the output of A6-16 constitutes the ST 
POWER SET pulse which is fed to the break generating circuit and to AND gate 
A6-21C. 

12) Power set generator.-The POWER SET pulse occum for any one of the conditions 
described below. AND gates A6-21A, through A6-21E are connected together to 
form a five-input OR gate. The output of this OR gate :fires one-shot multivibrator 
A6-14 which, in tum, generates a POWER SET pulse. A6-14 is triggered when the 
KW-7 is switched from plain to cipher or from cipher to plain, when an ST POWER 
SET pulse occurs, during alarm testing, or when a BREAK condition exists. 

(3) Set and set 1 generator.-The SET and SET 1 pulses occur for any one of three condi­
tions ae described below: AND gates A6-1, A6-11, and A6-21F are connected together 
to form a three-input OR gate. The output of this OR gate tires one-shot multivt"brator 
A6-19, which generates a SET 1 pulse dil'ectly, and a SET pulse indirectly by means of 
set driver A6-18. The OR gate inputs are a POWER SET pulse to A6-l, a LIG 
(LOCK IN GATE) pulse to A6-ll, or a SEND pulse to A6-21F. 

i. Indicator Control and Normal Generating Circuit (ftg. 4-69).-The indicator control and nor­
mal generating circuit detects when the K.W-7 hae successfully completed phasing and gen­
erates a control signal to initiate the indicator phase of operation. The circuit comprises 
the BG generator, the lock in gate, and the normal generator. 
(1) BG generator.-The BG generator (AND gate A6-11A and flip-fi.op A6-6) produces the 

1m control signal to initiate the indicator phase of. operation when the KW-7 hae 
successfully completed phasing. When the SEND switch is released, sigDifyjng the 
end of. send phaeing, the send control generates a BG TRIGGER pulse which is applied 
to input 8 :flip-11op A6-6. A6-6 goes to the ONE state, and BG is generated. To en· 
sure that the :ftip-11op is in the ZERO state when send phaeing is initiated, the BG TRIG­
<mR pulse from the send control resets the :fiip-11op to the ZERO state. When receive 
phaeing has been successful]y completed, the lock in gate generates a ONE LIG signal. 
The LIG signal enables pin 10 of AND gate A6-11A, so that the next OCO pulse sets 
A6-6 to the ONE state. The SET pulse applied to input 6 of. A6-6 performs the IllUDe 
function as the 1m TRIGGER. A 1m output is also taken from :8ip-1lop A6-6 and 
applied to the data input circuit and the indicator circuit. 

C2) Lock in gate.-The look in gate (AND gate AS-13 and :ftip-fi.op AS-12) detects when the 
receiving "h..'W-7 bas successfully compJeted phasing. Whenever the phasing counter 
reaches a count of four before being reset, it generates a PCl pulse which is applied to 
input 8 of flip-fi.op AS-12. The PCl pu1se sets AB-12 to the ONE state and generates 
a ONE LIG signal This occurs only when receive phaeing hae been successfully 
completed. A8-12 must be reset before phasing is initiated and after phasing hae been 
completed. This is accomplished by the MISS pulse from the counter set generator, 
the CLX pulse from the indicator circuit, and the SEND 1 signal from the send :fiip-11op 
(fig. 4-56). The MISS pulse and SEND 1 signals ensure that the :8ip-11op will be reset 
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prior to phasing. The CLX pulse is applied to AND gate AB-13. Since AS-18 is 
permaD8Dtly enabled by the ground coxmection on pin 15, the CLX pulse is always able 
to reset the flip-:flop. This ensures that the lock in gate will be reset after the comple­
tion of phasing. 

(3) Normal ~.-The normal generator generates the NORMAL and NORMAL 
pulses during the normal phase of operation. This allowa the KW-7 to begin normal 
operation as soon as the indicator phase bas been completed. The normal generator 
consis1a of AND gate A6-11B, :ftip-:flop A6-3, power amplifiem A6-8A and A6-8B, and 
stage 2 of shift register SRA in the data exteosing circuit. 
(a) The normal generator must produce a logical ONE NORMAL signal when the 

indicator phase of operation has been compJeted, when the KW-7 is operating in 
the plain mode, or when an alarm test is being performed. During phasi:ug, the 
set generator presets :flip-:flop A6-S to its ZERO state, This action prevente A6-3 
from producing the ONE NORMAL control signal premature]y. 
1. When indicator phase of operation is completed, the indicator character oontrol 

generates a logical ONE 12 LE'ITERS COUNT. When the next P pulse 
occurs, the INDICATOR DELAY signal becomes ONE (see fig. 4-60, A6-4 pin 
3) setting A6--8 to the ONE state, and generating a ONE NORMAL 1 and a 
ZERO NORMAL 1 signal. The delay between the occumm.ce of 12 LETl'ERS 
COUNT and ONE NORMAL 1 is required to allow the data extensing circait 
enough time to process the indicator information. 

2. Operation of the normal generator during plain mode of operation is similar to 
that during indicator, except that the INDICATOR DELAY signal becomes 
ONE as a result of a P pulse applied to A6-4. The indicator character control 
is triggered by a single ZERO as a result" of detecting a blank character in SRA2 • 
The ~ fiip-:flop (A6--8) is set immediately by the INDICATOR DELAY 
signal, instead of waiting for 12 blank and 12 letter characters to be counted. 

8. Operation of the normal generator during alarm test is as follows: the AT4A 
signal from the alarm test switch enabJes input 8 of AND gate A6-11B. An 
OCO pulse from the output counter sefB A6--3 to ONE, generating a ONE NOR­
MAL 1 signal. 

(b) The NORMAL 1 signal is taken from the ONE output of A6-3. This signal is in­
verted by A6-8B to produce the NORMAL 2 signal The NORMAL 1 control 
signal is taken from the ZERO output of A6--8, and inverted by A6-8A to produce 
the NORMAL 2 signal. 

j. Indicator Circuit (fig. 4-60).-In .order to increase message security, the indicator logic en­
sures that enciphering and deciphering will begin at a diiferent point in the Fibonacci cycle 
each time a message is to be transmitted. The indicator logic CODIDsta of the following major 
circuits: blanks detector A9-21B, letters detector A9-21A, internal break detector Al0-17B, 
indicator delay fl.ip-:flop A6--4, and the indicator counter comprising :ftip-:flops A12-2, Al2-3, 
A12-5, A12-6, A12-7, AND gate A12-4C, and stage SRA2 of the data extensing circait 
(fig. 4-61). 
(1) During the indicator phase of operation, random ONE's and ZERO's are being shift4d 

out of shift register X (SRX). The duration of the indicator phase is determined by 
the time required for the occurrence of 12 ZERO's followed by 12 ONE's (normally 
this occurs within 7 to 15 seconds). 

(2) A SET pulse sets indicator delay flip-:flop A6-4 to the ONE state, making the IN­
DICATOR DELAY signal a ONE. A SET 1 pulse is applied to input 3 of AND 
gate A1o-15A which triggers on&-Shot Al0-16. Alo-16 generates an ICR pulse which 
sets all stages of the indicator counter to ONE. The ZERO ~ output on pin 3 
of A12-7 enables input 7 of blanks detector NOR gate A9-21B. Since the NORMAL 
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2 applied to input 9 of A9-21B is ZERO enable during indicator, A9-21B will output 
a ONE whenever SRX5 is ZERO. This ONE enab1es input 19 of AND gate A12-4B; 
A12-4B triggers one-shot Al2-1 at Per time. The pu1ee output from A12-1 :llips stage 
one of the indicator counter, injecting a count of one into the counter. This sequence 
continues, with an additional count injected at Pd time whenever SRX5 is ZERO. 

13) The indicator counter is basically a + 16 counter, with reset feedback from stage four 
(A12-6) to stage three (Al2-5). After 8 counts have been applied to A12-2, output 
3 of A12-6 goes from ZERO to ONE, applying a ONE pulse via AND gate A12-4C 
to input 4 of A12-5. This ONE resets A12-5, deletes four counts from the total, and 
forces the indicator counter to divide by 12 instead of 16. 

14l After the indicator counter has counted 12 ZEROS a ZERO-to-ONE transition at out­
put 10 of A12-6 :llips A12-7 to the ZERO state, with a ZERO INDC signal now ap­
pearing on output 10 of A12-7. This ZERO enables input 6 of letters detector NOR 
gate A9-21A; simultaneously, a ONE IN'IX! signal disables input 7 of blanks detector 
A9-21B. In the manner described in paragraph 3 above, the indicator counter now 
counts until a total of 12 ZEROS has appeared on SRX5; this is equivalent to counting 
12 ONES on SRX5. After the 12th ONE is counted, output 10 of A12-7 goes from 
ZERO to ONE, setting indicator delay :llip-:flop A6-4 to the ZERO state, and driving 
the INDICATOR DELAY signal to ZERO. 

< 5) The last ONE stored in SRX5 must now be shifted to the line output circuit before 
normal operation is begun. This shifting requires a time interval of seven bauds. 
After shifting is completed, a P pulse :llips indicator delay :fl.ip-:fl.op A6-4 to the ONE 
state, returning the INDICATOR DELAY signal to ONE. The ZERO-to-ONE 
transition of the INDICATOR DELAY signal triggers the normal generator and 
starts the normal phase of operation. 

161 As soon as normal operation begins, NORMAL 2 goes to ONE, disabling BLANKS 
detector A9-21B and LETTERS detector A9-21A. NORMAL 2 goes to ZERO, en­
abling input 9 NOR gate A10-18A. When LIIST goes from ONE to ZERO, AlO­
ISA transfers a ONE to AND gate A10-15C, which in turn triggers one-:shot Al0-16. 
Al0-16 generates an ICR pulse, resetting the indicator counter or verifying an exist­
ing reset condition. The indicator counter is now ready to detect a line break. 

(7l Line break detector NOR gate A10-18B is enabled as follows: BRLO (Break Receive 
Lock Out) is set to ZERO by placing the BREAK FUNCTION switch in the OFF 
position, NORMAL 2 is ZERO during normal operation; and BRK is ZERO except 
when the operator initiates a lock break. Therefore, Al0-18B transfers a ONE each 
time LINE IN becomes ZERO. This ONE enables input 20 of AND gate A12-4A. 
A12-4A triggers one-shot A12-1 at Pd time and the indicator counter registers one 
count. IT no break occurs, the next ONE-to-ZERO transition of the LIIST signal 
triggers one-shot Al0-16 via A10-15C, and the ind,icator counter is reset. However, 
if a break occurs, LIIST remains at ZERO. Since a ONE-to-ZERO transition of 
LIIST is required to trigger one-shot Al0-16, an ICR pulse is not generated to reset 
the indicator counter. The counter now proceeds to count one break character for 
each Pd :!imJf the break remains for the duration of 12 characters, that is, if LIIST 
has not to ONE by the time the i.lidiCator counter re~ 12 COJP!ts,.,rup. 
:ftop_Al~! js set to ZERO, making iNDC a ONE. This ONE triggers the~~­
tor; the break generator in tum stops the equipment and indicates a break condition. 

{8) If the local KW-7 begins printing garbled text, or if for some reason the local KW-7 
must break the network, the operator depresses the BREAK switch which makes the 
BRK signal, on input 9 of NOR gate Al0-17B and the LIOD (line out digital) signal 
on input 10 of A10-17B, both ZERO. The ONE which now appears on the output 
of A10-17B enables input 20 of AND gate Al2-4A. A12-4A triggers one-shot A12-l 
at the Pd rate and the indicator counter registers one count for each Pd pulse. When 

202 09NHBBN'I'IAL ORIGINAL 

• 

• 

• 

• 

• 



CID: 3559654 

• 

• 
--
., 

( 

., 

• 

EJQ~ KAM:-143B{.l'SEC 

the counter reaches a count of 12, as described above, the ~ output of :Oip-tlop 
A12--7 becomes a ONE, causing the break generator to stop the equipment. See 
paragraph 4403o for complete description of the break generator circuit. 

(9) CLX gate A10-17A permits the KW-7 to skip the indicator= when the unit is in 
• mode of o ation. A· blank character is alWilYB ~by the transmitthii 

K - as soon as · is com . This blank character normally tells the re-
ce . KW-7 to into indicator . , no wator 
phase is necessary, so that the receiving unit.may go from phasing directly into nor-
mat mode. · 
(a) When a b1ank character is stored in shift register A, (SRA) SRA2 will be ZERO 

during P' time. Since NORMAL 1 and B'G are both ZERO during phasing, A10-
17A will transfer a ONE CLX pu1se at P time. Power amplifier Al0-11 inverts 
CLX, placing a ZERO CLX on input 8 of AND gate A6-l. The PLAIN input 
on pin 19 of A6-1 is a ONE enable only d~lain operation. At the end of the 
P pu1se, when P goes from ZERO to ONE, CIX also goes from ZERO to ONE, 
giving a ONE pulse at the output of A6-1. This pu1se sets indicator delay flip­
:ftop A6-4 to the ZERO state, making the INDICATOR DELAY signal ZERO. 
The next P pu1se resets A6-4 to the ONE state, producing a ZERO-to-ONE transi­
tion of the INDICATOR DELAY signal. The ZERO-to-ONE transition of the 
INDICATOR DELAY signal stsrtB the nom18l mode of operation, as previously 
described. The PLAIN input also activates the PLAIN indicator lamp. 

(b) The ZERO to ONE shift of CLX also sets indicator and normal :flip-tlop tlio 
to the one state giving a ONE I&N signal and a ZERO Im signal. The 0 
mN signal is applied as an enabling level to the phase correction circuit. The 
ONE I&N signal is applied to enable a gate which deletes one count in the output 
character counter during indicator and normal. This delete function is needed 
to change the eight bit character length used in send phasing to a seven bit char­
acter 1sngtb used in send indicator and send normal. The ONE I&N level is also 
applied to the key !!!!M!'§tor ~ivitv monitor as an enabling 1eyel. 

(c) Inverter A6-20A produces ~by inverting the PLAIN signal from the PCR 
switch. PLAIN is applied to the S. T. power set circuit, triggering a POWER 
SET pu]se when the KW-7 is switched to cipher operation. 

(10) SRA2. Shift Register A, stage 2, (fig. Hl) is used during the indicator phase of 
'both send and receive modes of operation. During the indicator phase of send opera­
tion, shift register A samples the M2B noise signal from the random noise generator 
(sea alarm circuit) and produces either a LETTERS ENABLE (SRA2 ONE) or a 
BLANKS ENABLE (SRA2 ZERO). During the indicator phase of receive operation, 
shift register A samples tbe input signal and detects whether a letter or blank character 
was generated by the indicator function of the sending KW-7. 'This is done in order 
to start processing data at the same point in both Fibonacci cycles. During the nor­
mal phaSe of send, shift register A stores the input characters from tbe data input cir­
cuit. During receive SRA only stores ZEROS. The output of SRA during the nor­
mal phase is only used when the KW-7 is operatmg in the send mode. 
(a} Send indicator operation.-The ABIN input to SRA5 is inactive during send in­

dicator. Random pu1ses (M2B) from the random noise generator circuit are 
sampled at CT.RP time by AND gate A9-10A. If M2B is a ONE, SRA2 is set 
to ZERO, enabling input 5 of CLX gate A10-17A. At P time the CLX gate 
loads a ZERO into all stages of SRX. (See fig. Hl.} It should be remembered 
that SRX will automatically fill with ONES shifted in at OBR rate if CLX is not 
loading ZEROS in SRX. If M2B is a ZERO, SRA2 is left in the ONE state. 
disabling the CLX gate and preventing SRX from being loaded with ZEROS 
Mter SRA2 is sampled, it is reset to ONE at Pd time by a ONE from AND gate 
A9-10B. 
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Cb) Receive indicator operation.-During receive indicator, SRA2 is used to vote on 
the nature of the received character-that is, whether the character is a LETrER 
or a BLANK. The operation of SRA2 . in conjunction with the CLX gate is 
similar to the operation described in subparagraph (a) above, with the following 
differences. M2B is now inactive while ABIN consists of the received information. 
If the received information is a LETTER, SRA2 will be in the ONE state at P 
time, disabling the CLX gate and allowing SRX to shift ONES. If the received 
information is a BLANK, SRA2 will be in the ZERO state at P time, ensbling 
the CLX gate and forcing SRX to shift ZEROS. 

k. Data Extensing Circuit (fig. 4-61).-During send normal, the data extensing circuit retimes 
the loop input data so that it can be synchronized with internal KW-7 timing. The circuit 
comprises three five-stage shift registers, designated SRA, SRB, and SRX. Input data is 
stored alternately in SRA and SRB, and then transferred to SRX. From SRX, the data 
is shifted out, one bit at a time, to the key generator, where it is combined with key to 
form cipher. Operation of the data extensing circuit during receive is similar to the opera­
tion during send, the only important dift'erences being the rate at which input data is sup­
plied and the use of BRA. 
(1) Send operation.-During send operation, the data extensing circuit converts 7.42 baud 

synchronous ABIN data (from a free-running local teletypewriter) to 7.0 baud synchro­
nous data which is processed through the KW -7. This conversion is not required, 
however, if a 7.0 baud step TD is used in conjunction with the TD step circuit in the 
KW-7. With a 7.0 baud step TO, the input data is synchronous 7.0 baud information. 
In this case, the data extensing circuit simply converts the input teletypewriter infor­
mation into data which can be processed through the KW-7. This conversion is per­
formed in the following manner. 
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ta) The first ABIN character is sequentially stored, in SRA, (one bit at a time) with 
a total time of 7.42 bauds required to complete storage. At Pd time this charac­
ter is transferred to SRX and then immediately shifted out of SRX at the OBR 
rate. Since there is no :fixed time relationship between the loading of SRA and 
the occurrence of Pd, Pd can occur immediately after SRA is loaded, or it can 
occur up to a full character time later. 

tb) Similarly, the second ABIN cbaracter is stored in SRB, transferred to SRX at Pd 
time, and immediately shifted out of SRX at the OBR rate. 

IC.I The third ABIN character goes into SRA, from SRA into SRX, and from SRX 
to the key generator. The fourth character goes into SRB, and so on. Thus all 
odd-numbered characters go to SRA and all even-numbered characters into SRB. 

td) It should be noted that the SRX read-out rate (7.0 bauds per character) is greater 
than the data read-in rate (7.42 bauds per character) when free running teletype­
writer is being used. If input data is arriving continuously with no time lapse 
between characters, the SRA-to-SRX or SRB-to-SRX transfer time will advance 
0.42 baud per character, so that after a certain time the transfer will be attempted 
before SRA or SRB is fully loaded. The send normal circuit detects when this 
condition is about to occur, by examining the data available in SRA and SRB, 
and generates a signal which inhibits the transfer until the data character is fully 
loaded into SRA or SRB. This signal also inhibits the key generator so that pure 
key is not transmitted in the absence of data; during this interval the KW-7 
transmits a speed differential lockup (all mark) character. Normal operation 
resumes as soon as the data cbaracter has been fully loaded into SRA or SRB. 

le) During send, the input counter is synchronized to the loop input data from the 
local teletypewriter. The output of the counter, IBR, is used to sample the input 
data. 
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(2) Receive operation.-Receive operation dift"ers from send operation in two respects. 
First, retiming of the input data is not necessary. 'Ibis is because the input data is 
always OCCill'!'in8' at 7.0 bauds per character, since it is comiDg from another KW-7 m­
stead of a local teletypewriter. Second, SRA is used only to cbeck the validity of the 
inco:mhlg data (validity is dsfiDed as at least one ZERO infonnation bit per character). 
This validity check or voting process in SRA is actually performed by stage SRA5 of 
the SRA register. During receive normal SRA5 is initially set to a ONE. However, 
SRA will be shifted ODly by ZERO bauds during receive normal operation. At p time 
if stage SRA5 contains a ZERO, the message (M) 11.ip-1lop in the output control cir­
cuit (fig. ~) will be set to ONE, indicating that a valid character has been received 
in SRB and can be transferred to the local pap printer. If stage SRAli contains a 
ONE at P time the M 1lip-1lop will be set to ZERO and the invalid character present 
in SRB will be transferred to SRX but will be mbibited in the output cU:cuibJ. The 
contentsofSRA are examined at P time, and reset to zero 34 microeeconds later at Pd 
time. The data itself is routed continuous]y through SRB to SRX. 

(8) Skift RegisfJer B.-shift register B SRB comprises the following circuits: :flip-flops A9-
16, A9-17, A9-18, A9-19, A9-20; AND gates A11-6A and Al1-6B; SHIFT B one­
shot multivibrator All-14; and AND gates A9-12E, A9-12F, A9-9F, A9-10F, A9-18C. 
Allowing for the differences in inputs, the following detailed discussion of SRB can be 
considered applicable to SRA; however, during b indicator phase SRA performs a 
specisl function which is described in the indicator logic theory. SRB accepts a serial 
input and delivers a parallel output. This means that information is fed into the 
register serially one bit at a time. Mter all bits in a given character are contained in 
the register, they are read out in parallel. (simultaneously) into SRx. Information 
input to the register CODSists of the ABIN and .miN 1eve1s applied to pins 7 and 2, 
respectively, of 1lip-:ftop A9-16. Depending upon which level is a ONE and which is 
a ZERO, A9-16 will be set to the ZERO or ONE state when a SHIFT B pulse is ap­
plied to pins 1 and 8. Assume that .miN is ONE, enabling input 7 of A9-16, and 
that ABIN is ZERO, inhibiting input 2 of A9-16. When. a SHIFT B pulse appears on 
pins 1 and 8, A9-16 is set to the ZERO state. with a ONE appearing on pin 10 and a 
ZERO on pin 8. The output of A9-16 now determines which way A9-17 will be set 
when the second SHIFT B pulse occu.rs. When the second SHIFT B pulse does oc­
cur, the ZERO which was in A9-16 is shifted into A9-17, leaving A9-16 ready to ac­
cept the second input bit. The ZERO state of A9-17 determines which way A9-18 
will be set by the third SHIFT pulse and so on. A :five-bit character is stored as 
follows: 

Bit 1 read into A9-16 
Bit 1 shifted from A9-16 into A9-17 
Bit 2 read into A9-16 
Bit 1 shifted from A9-17 to A9-18 and bit 2 shifted from A9-16 to A9-17 
Bit 3 read into A9-16 
Bit 1 shifted from A9-18 to A9-19, bit 2 shifted from A9-17 to A9-18, and bit 8 
shifted :dom A9-16 to A9-17, etc. 

It is seen that every time a shift B pulse occurs, each bit is shifted one stage to the 
right, and the first stage is ready to accept a new bit from the ABIN and AB'IN lines. 

. This sequence continues untn all :five bits of a given character have been read into the 
register. Mter the register is full, a TRB (transfer B) pulse is applied to the pulse in­
put of AND gates A9-12E, A9-12F, A9-9F, A9-10F, and A9-13C. Any gate having 
a ONE present on the level input will deliver a ONE to SRX. Thus. if bits 2 and 4 
had been ZEROs, AND gates A9-10F and A9-12F wou1d now generate ONES which 
would set A9-11 and A9-7 of SRX to the ZERO state. The SHIFT B pulse is syn­
chronized to the input bit rate when in the send mode or to the output bit rate when 
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in the receive mode. This operation is accomplished by AND gates All-6A and A11-
6B, in conjunction with one-shot multivibrator All-14. When in the send mode, 
SBG is ONE and the mm. signal triggers All-14 by way of All-6A; similarly, when 
in the receive mode SEND is ONE, and the Olmi signal triggers All-14 by way of 
All-6B. The SHIFT B pulse from A11-14 is a ONE with a duration of 34 micro­
seconds. 

r4 1 Shift register SRX.-sRX differs from SRA and SRB in that it accepts a parallel input 
and delivers a serial output. That is, all bits of a given character are read in simulta­
neously and, at some later time, read out sequentially. In the absence of data from 
SRA or SRB, the OBRl signal applied to the ONE side of stage SRX5 (A9-6) causes 
SRX to continuously shift out ONES via A9-15. However, if SRA or SRB introduces 
a ZERO into a given stage, this ZERO will be shifted one stage to the right by each 
OBR1 pulse. For example, if a ZERO is loaded into SRX4 {AB-7), this ZERO will 
appear at the output of A9-15 four OBRl times later. 

l. Send Normal Circuit (ftg. 4-62).-'The send normal circuit determines the counting rate of 
the input cotmter, and controls the transfer of loop information into the data extensing 
circuit. Major send nonnal circuits are MOD 6 flip-flop All-lO,loop information detector 
Al1-16, and the send-shift-transfer function comprising NOR gates A12-8A, A12-11A, 
A12-11B, AO Hip-flop A12-9, BO :flip-flop A12-10, AND gate Al2-4, and one-shot multi­
vibrator A12-15. 
rl·l Loop inforrnation detector.-The loop information detector All-16 detects the start bit 

of each character from the data input circuit, and gates the data extensing circuit ac­
cordingly. The MOD 6 generator controls the counting mode of the input counter. 
ra·J At some prior time, a SET pulse has set flip-flops All-10, All-16, and All-17 
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to the states where MOD 6 is ZERO, FL is ONE, and FLD is ZERO. FLD and 
.PeU enable NOR gate All-9, placing a ONE enable on input 7 of Al1-10 and in­
put 2 of All-16. These conditions prevail until the arrival of the start bit of a 
LOIG character from the data input circuit. This start bit triggers :flip-flops All-
10 and All-16 to the ONE and ZERO states, respectively, driving MOD 6 to 
ONE, FL to ZERO, and FL to ONE. The ZERO-to-ONE transition of MOD 6 
causes the input counter to shift from MOD 8 (phasing detection mode) to MOD 6, 
the ZERO FL enables input 10 of NOR gate A12-BA and input 3 of NOR gate 
Al2-8B, the ZERO-to-ONE transition of PI' resets the send phasing logic and 
sets All-17 to the ONE state, placing a ONE disable on input 6 of NOR gate 
All-9. The output of All-9 goes to ZERO, disabling input 7 of A11-10 and 
input 2 of A11-16; All-10 and All-16 are now immune to any further LOIG 
activity. 

r b 1 All-16 and All-17 are kept disabled for the next 6 bauds of the LOIG character 
and are then enabled before the arrival of the next character as follows. One baud 
time after the end of the last information baud, T8 goes from ZERO to ONE. 
This sets All-16 to the ONE state, placing a ZERO enable on input 7 of All-11 

..;'and a ONE enable on input 7 of All-17. TheM signal from the output control 
circuit goes from ONE to ZERO at P time enabling input 6 of NOR gate All-11. 
All-11 enables input 2 of All-10. On the trailing edge of P, All-10 is set to 
ZERO, MOD 6 goes to ZERO, and the input counter reverts to MOD 8 operation 
in order to look for phasing information if any should become available on the line 
input. Meanwhile, with FL as a ONE enable on input 7, All-17 is set to ZERO 
by the next IBR pulse. FLD becomes ZERO, enabling input 6 of All-9. All-
9 places a ONE enable on input 7 of Al1-10 and_input 2 of All-16 making them 
ready to detect the start baud of the next character. 

1c1 If another KW-7 initiates phasing before the next LOIG character, POO becomes 
ONE, disabling input 7 of All-10 via All-9. All-10 is now unable to respond 
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to LOIG, MOD 6 remains ZERO, and the input counter continues MOD 8 opera­
tion. However, if no phasing signal occurs, A11-10 is set to ONE by the next 
LOIG, and the entire cycle repeam. 

(2) Send shift transfer.-Tbs send and shift transfer functions are performed by shift B 
NOR gate A12-8A., shift A NOR gate A12-8B, AO :f!ip-:fiop A12--9, BO :ftip-:fiop A12--
10, MOD 2 adder Al2--11A and A12--11B, AND gate A12--4, one-shot multivibrator 
Al2--15, and inverter A12--12. 'Th.ese circuits control the :fiow of data into sbift registers 
A and B. AO :llip-:flop A12-9 determines whether data is shifted into SRA or SRB. 
MOD 2 adder Al2-11A and A12--11B determine if data is available in SRA or SRB 
for shifting into SRX... BO tlip-:fiop A12-10 determines whether data is shifted into 
SRX. 
(a) As descn"'bed above, the LOIG start bit sets FL to ZERO. This ZERO enables 

input 10 of shift B gate A12-8A and input S of shift A gate A12-8B. At some 
prior time a SET pulse has set both A12-9 and A12-10 to the ONE state, placing 
a ZERO enable on input 6 of shift 1dfte A12-8B and a ONE disable on input 
9 of shift B gate Al2--8A. Since ~ 8 is ZERO during send operation, A12--
8B transfels a ONE SAG (shift A gate) to the receive normal circuit and to input 
7 of A12-9. The SAG gate permits the :first LOIG cbaracter to be shifted into 
SRA at the input bit rate via AND gate A11--6B and one-shot All-7 which pro­
duce a SHIFT A pulse. At the end of the LOIG cbaracter, IC7 sets A12--9 to 
ZERO, disabling A12--8B in order to prevent further data insertion into SRA. 

(b) Input 9 of Al2-8A is-now a ZERO enable. Tbs second LOIG character sets FL 
to ZERO, driving the SBG (shift B gate) output of Al2-8A to ONE. The SBG 
gate permits the second LOIG character to be shifted into SRB at the input bit 
rate. SBG also enables input 2 of A12-9, so that after the second LOIG charac­
ter is fully registered in SRB, an IC7 pulse can reset A12-9 to ONE. When IC7 
resets Al2-6, A12--8A is disabled. A12--8B is enabled, and the third LOIG char­
acter goes into BRA. This alternate shifting of data into SRA and SRB continues 
as long as LOIG is active. 

(c) The MOD a ~ Wt-UA ADd Al:cllB> detmniW!!J Whether informatio:gJws 
been shifted into SRA or SRB, that is, whether information is available for shift.. 
ing into slUt As described above, the :first LOIG character triggers the genera­
aon of SAG, Which allows A12-9 to be set to ZERO at IC7 time. A12-9 pum a 
ZERO enable on input 5 of NOR gate A12-11A. Since the SET pulse has al­
ready set A12-10 to ONE, a ZERO enable also exists on input 6 of Al2--11A. 
Al2--11A therefore has a ONE output which enables input 10 of AND gate A12--
4; this ONE is also applied to the outgut control circuit to indicate that data is 
ayliili1ii, At Pd time, A12--4 triggers one-Shot AI2--15, WhiCh setil Ai~bto 
ZERO via inverter A12--12. A12--10 places a ONE disable on input 6 of A12--
11A., and a ZERO enable on input 9 of A12--11B. When BO :fiip-:fiop A12-10 is 
set to ZERO, the BO output shifm from a ONE to a ZERO. This ZERO BO sig­
nal is inverted by NOR gate A12--12 (fig. 4-61) to generate a ONE TRA (TRANS­
FER A) signal, which is applied to AND gates A9-12A and B, A9-9D, A9-10D, 
and A9-1SA. The TRA signal causes the AND gates to tmnsfer the contents of 
register SRA to register SRX. 

(d) The second LOIG cbaracter triggers the generation of an SBG signal, allowing 
A12-9 to be set to ONE at IC7 time. With Al2-9 in the ONE state, a ZERO 
enable is placed on input 10 of A12--11B. A12-11B outpum a ONE which again 
enables input 10 of A12-4, and indicates to the output control circuit that data is 
available. At Pd time, A12--4 triggers one-shot Al2--15, producing a ONE CSM 
~ which is inverted to a ZERO <:lSM signal by NOR gate A12-12. This 
CSM ZERO signal is applied to NOR gate A12-13B in the receive normal logic 
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{:fig. 4-60). A12-13B was previously enabled by a ZERO BO level. Therefore 
the am: signal produces a ONE TRB (TRANSFER B) signal on pin 11 of A12-
13B. The TRB signal is applied to AND gates A9-12E and F, A9-9F, A9-10F, 
and A9-13C, causing the contents of register SRB to be transferred to register 
SRX. The trailing edge of the ZERO tE\ii pulse produced by NOR gate A12-
12 also sets BO :flip-flop Al2-10 back to the ONE state. The original conditioiiS 
have now been re-established, and the entire cycle will be repeated for the next 
two LOIG characters. 

Ce) If free-running teletypewriter equipment is used, the SRX read out rate (7 .0 bauds 
per character) is faster than the data read in rate (7.42 bauds per chatacter) on 
the loop input. If loop input {LOIG) characters are arriving continuously with 
no time lapse between characters, the SRA to SRX or SRB to SRX transfer time 
will advance 0.42 baud per character, so that eventually a transfer will be attem­
pted before a complete character has been shifted into SRA (or SRB). 'When 
this happens the transfer to SRX is blocked, and SRX shifts out a speed differ­
ential lockup (all mark) character containing all ONE bauds. Meanwhile, the 
partially shifted SRA (or SRB) register shifts until a complete character is loaded, 
then normal operation resumes. The send normal circuit responds to an attempt­
ed early transfer to SRX in the following manner, if register SRA contains only a 
partial character. The Pd pulse (which occurs at a 7.0 baud output character 
rate) eventually will be applied to AND gate A12-4 before shifting in SRA is com­
plete. (The Pd pulse sets up the tramd'ers from SRA to SRX or SRB to SRX.) 
If shifting had not been completed in SRA both AO :flip-:flop A12-9 and BO :flip­
:flop, A12-10 would be in the ONE state, causing a ZERO SNA output from the 
MOD 2 adder (NOR gates A12-11A and B). This ZERO SNA signal will inhibit 
AND gate A12-4 and prevent one shot Al2-15 from being triggered at Pd pulse 
time. The BO :flip-:flop A12-10 will not be set to ZERO, since a umil ZERO-to­
ONE shift from A12-15 via A12-12 was inhibited. Since BO :tlip-:flop Al2-10 
did not change state, the BO output will not produce a ZERO-to-ONE TRA (Trans­
fer A) signal at the output of NOR gate A12-12. Thus the premature transfer 
of SRA to SRX is inhibited. Now the SRX register will automatically shift out 
ONE bauds generated by :flip-:flop A9-6, at an OBR rate, producing a speed dif­
ferential lockup character on the 1ine. Concurrently, the SRA register shifting 
will be completed and then a normal SRA to SRX transfer will occur immediately 
after the speed differential lockup was shifted out of SRX. 

ffl In the absence ofLOIG activity, a ONE disable will remain on input 5 of A12-11A 
and input 9 of A12-11B at all times. The resulting ZERO at the common out­
put of Al2-11A and A12-11B will indicate to the output control circuit that no 
data is available. 

m. Receive No1'1'1Ull Circuit (jig. 4-&9).-During receive normal mode, the SRA register has the 
special function of voting on valid characters by shifting only, when impulsed by ZERO 
bauds present in the input character. At the same time each input character is shifted 
into SRB, and then transferred to the SRX. register. (Alternate loading of characters first 
into SRA, then into SRB for transfer to SRX is not required in receive normal mode, be­
cause received LINE IN data is 7.0 baud synchronous, and does not require extensing.) 

Cl) The receive normal circuit generates the shift A pulse in NOR gate All-5, AND gate 
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All-6A and ONE SHOT All-7. In receive mode, the SEND llevel on pin6ofA11-
5 will be a ZERO enable, and each time the ABIN signal on pin 7 contains a ZERO 
baud, All-5 will apply a ONE enable level to pin 20 of AND gate All-6A.. When 
ImU becomes a ONE pulse, All-6A will trigger ONE SHOT All-7, producing a 
SHIFT A pulse to shift SRA each time a ZERO baud is present in a character. 
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(2) While the ABIN cbaracter is being voted on, in SRA, it is being shifted normally into 
SRB. After the character is fully shifted into SRB, the receive normal logic generates 
a TRB pulse to tl'8.nsfer the conten18 of SRB Into SRX. NOR gate Al2-13A is used 
in receive normal mode to generate the TRB pulse. The SEND 2 and NORMAL 2 
signals will both be ZEROs during receive normal Thus, a ONE TRB pulse will be 
produced once per character, each time a ZERO Pa pulse occurs, and will transfer the 
conten1B of SRB to SRX. 

(3) During normal send operation SEND 1 is ONE, disabling NOR gate All-0. SAG 
enables input19 of AND gateAll-6B (SAG) in a one for every odd loop input character 
(LOIG), as explained in the theory of operation for the send normal circuit. All-6B 
triggers one-shot All-7 on each Imn pulse to~ a Shift A pulse. 

n. Output Control Circuit (fig. 4--64).-The output control circuit controls the transmission of 
the key signal when the KW-7 is in the normal phase of operation, and insures that the 
carriage of the local page printer will be in the 1etters (lower case) position before arrival 
of line input. Major circui1B of the output control circuit are the output control and the 
downshift gate. 
(1) Output control circuit (send operation).-During send operation, the output control cir­

cuit develops a signal which disables the auto key generator circuit when no data is 
available for transmission. This is uecessary to prevent pure key on the line when 
text information is not being fed into the KW-7loop circuit. The output control cir­
cuit is composed of N~te A12-14A and M 1lip-1lop Al2-21. In normal send 
operation, a ZERO NO 2 signal is applied to input 10 of NOR gate A12-14A. 
If no more loop input data is being read into the shift registers, the SNA gate simal 
from the send normal circuit will be ZERO, enabling input 7 of A12-14A. The last 
character stored in SRA or SRB is now shifted into SRX and sent out on the Hne. At 
P time, A12-14A traDsfers a ONE to input 8 of A12-21. This ONE, in combination 
with the SEND ONE on input 7 of Al2-21, sem Al2-21 to ZERO, generating a ONE 
M and a ZERO M. The ONE R disables the auto ~tor .!,Dd ~ ~-~t 
circuim in the key ~ circuit, prev~ the ti;1iJDYiiAiriOil~:::Jii:lifjie 
absence Of text. The ZERO M sigual is ap • to the send normal circuit, where it is 
'Pteei with FL to form a gate signal which permim reeetting of the input counter and 
enabling of the loop input clrcuits. This sets up the equipment for receipt of loop 
information if such becomes available. When loop input information again is avail­
able, the send normal circuit generates a ONE CSM pulse which collector-sam A12-21 
to the ONE state via truncated diode Al2-16A, restoring the auto key generator and 
the line out circuits to normal operation. 

(2) Output control circuit (receive operation).-In receive operation, NOR gate Al2-14A is 
inactive. IDStead, NOR gate A12-14B and AND gate A12-4 are used to sample 
SRA5 at P time. SEND 2 and NORMAL 2 are both ZERO during receive operation, 
allowing P to produce a ONE at the output of A12-14B. If line information is avail­
able, SRA5 will be ZERO at P time, disabling A1.2-4. On the other hand, if line 
informati.od is not available, SRA5 will be ONE at P time, allowing A12-4 to base-set 
Al2-21 to the ZERO state. The M output of Al2-21 disables the local loop output, 
while the M output disables the auto key generator. The reason for stopping the 
auto key generator is that the auto key generator in the sending KW-7 also stops 
when no information is available. Thus, when information again becomes available 
both auto key generators will start in syncbronjsm. 

(3) 1Joum8hift gate.-The downshift gate consistB of inverter A6-16, downshift 1lip-1lop 
All-21, and NOR gate A12-16B. It generates a downshift sigual for the local page 
printer as soon as the KW -7 begiDs the normal phase of operation. Downshifting is 
done to insure that the carriage of the page printer will be in the lower case (letters) 
position when the :first character of the text arriVIII. This is based on the assumpti
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that the first character wi1l be a letter, as will usually be the case; if the first character 
is a numeral, it will normally be preceded by an upshift signal. 

14J An initial SET pulse sets downshift flip-flop All-21 to the ZERO state, placing a 
ONE enable on input 7 of All-21 and a ZERO on input 10 of NOR gate A12-16B. 
Since input 9 of A12· 16B is normally at ZERO, A12· ·16B outputs a constant ONE 
LOCO. When the KW-7 enters the normal phase of operation, the NORMAL 1 sig­
nal, on input 6 of inverter A6-16, goes from ONE to ZERO, giving a ZERO-to-ONE 
transition or NORMAL 3 on input 8 of All-21. This sets All-21 to the ONE state, 
placing a ONE enable on input 2 of All-21 and a ONE disable on input 10 of Al2-16B. 
The LOCO output of Al2-16B goes to ZERO. One baud time later, OBRl resets 
Al1-21 to ZERO, and the LOCO output of A12-16B returns to ONE. The page 
printer recognizes this one-baud ZERO level of the LOCO signal as a downshift com­
mand, and drops the carriage to the letters position if it is not already there. 

o. Break Generating Circuit (fig. 4-65).-The break generating circuit gives a visible indication 
of a line break and allows the receiving operator to signal the sending operator that such a 
condition exists. 
(1) An ST POWER SET pulse initially sets break :flip-flop A6-9 to ZERO, generating a 

ONE BREAK signal and a ZERO BREAK signal. These signals allow the KW-7 to 
go through phasing and indicator and begin normal operation. The NORMAL 1 sig­
nal on input 7 of A6-9 becomes a ONE enable after the KW-7 successfu.ll.y completes 
phasing and indicator. If text is being satisfactorily received, the indicator counter 
is continually being reset and is unable to generate a ONE ImJ<:l pu1se at input 8 of 
A6-9. However, if a break occurs, the indicator counter counts until 12 sucoeesive 
break characters have been received, and then generates a ONE INDC pu1se which 
sets A6-9 to the ONE state, making BREAK a ZERO and BREAK a ONE. (See 
par. 4403j(8).) The BREAK signal disables the P pu1se generator, in the output 
counter circuit, turns on lamp driver A6-12, which energizes the BREAK LAMP and 
provides drive to energize the remote break lamp if the remote control unit is being 
used. The BREAK signal triggers the POWER SET and MISS pulse generators. 

(2"1 Five manually operated switches are provided in the break generating circuit. These 
are the BREAK, REMOTE BREAK, BREAK RESTORE, REMOTE BREAK RE­
STORE and the BREAK FUNCTION switches. The BREAK and REMOTE 
BREAK switches allow the receiving operator to generate a ONE BRK and a ZERO 
BRK signal when he observes garbled text or when he wishes to assume command of 
the network. The ONE BRK signal disables the line output register of the Fibonacci 
feedback, loop output and line output circuit, causing the local KW -7 to transmit a 
break signal which stops the sending KW-7 and triggers a break indicator in all other 
receiving units in the network. The ZERO mm: signal resets the local indicator 
counter. In order to relieve the break condition in his own unit so that he may begin 
sending, the local operator must depress the BREAK RESTORE switch. This switch 
forces break :flip-flop A6-9 to .ZERO, restoring BREAK to ZERO and BREAK to 
ONE. 

181 The break condition will also be automatically relieved if another KW-7 initiates 
phasing. When this occurs, the indicator control circuit of the local KW-7 achieves 
lock and generates an LIG (lock in gate) signal which sets break :Hip-flop A6-9 to 
ZERO by way of AND gate A6-11. 

t4J The BREAK FUNCTION switch disables the break indication circuits when radio 
transmission is used. This is necessary to eliminate the breaks which may otherwise 
result from signal fadeout. When the BREAK FUNCTION switch is closed, BRK 
and BRLO are constant ONES. mrR: renders the indicator counter insensitive to 
LIOD (line out digital), while BRLO performs the same function for LINE IN. 
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p. Audible Alarm Circuit (jig. 4-66).-The ~udib1e alarm function is performed by alarm 
NOR gate A13-8A, NOR gate A18-9, inverter Al8-8B, power amplifier Al3-10, resistor 
A14-15 and audible indicator LSl. An audible alarm will be sounded when the BREAK, 
BUZ 1, or PLAIN signal is a ONE. The BREAK signal becomes ONE when the line 
opsns. The BUZ 1 signal becomes a ONE if an alarm condition causes the line output 
control relay (A5-Kl) to become deenergized.. The BUZ 1 signal can a1so be a ONE if, 
during testing, the line input control relay (A5-Kl) is deenergized and the ALARM TEST 
switch is placed in the 10 position. The PLAIN signal is a ONE during the plain mode 
of operation, so that an audible warning is always sounded when tmnsmitting plain text. 
The alarm can be disabled for troubleshooting by opening the ALARM DISABLE switch. 
With a ONE on any input of NOR gate A13-8A, a ZERO enable appears on pin 6 of NOR 
gate A13-9, sllowing A13-9 to pass a train of clock pulses to inverter A18-8B. 
The output of A13-8B is amplified by power amplifier Al3-10 and applied via a 56 
ohm resistor (Al4-15) and the PCR switch to the audible alarm indicator (LSl). 'lbe 
circuit path to LSl will be completed in all positions of the PCR switch except REMOTE. 
In REMOTE, the circuit path is completed to the audible alarm in the remote control unit . 

4404. Key Generator Detailed Theory.-The detailed theory of operation for the key gen­
erator explains the theory of operation for each functional block described in Section 4300. The 
operation for each functions! block is explained in terms of two logic levels, ZERO { -6 V) 
and ONE (0 V). Each 1ogic diagram of a functional unit is supported by text which describes 
circuit operation in terms of input and output timing as related to overall equipment operation. 

a. Primar:Y Key Generating Circuit (jig. 4-67).-The primary key generating circuit generates 
the :fi.vs primary timing pu1ses; i, t, r, q, and p. The circuit consists of the Fibonacci shift 
register, a patchboard permuter, and :fi.vs combiners . 
(1) Fibonacci shift re,gister.-The Filionacci shift register generates the main key stream (P 

stream) used in the KW-7. The Fibonacci consists of inverter A4-13 and thirty-nine 
:B.ip-:B.ops (Al-l through Al-16, A2-1 through A2--14, A2--20, A2--21, and A4-1 through 
A4-7). These stages will be referred to as FIBl, FIB2, etc. The 39 :B.ip-:B.op stages 
are connected as a conventional shift register. The shift register is preset to its initial 
state by a SET pulse from the extensor and control. Stages FIB1 through FIB16 are 
preset to the ONE state, stages FIB17 through FIB35 to ZERO, and stages FIB36 
through FIB39 to ONE. When triggered by F DRIVE pulses, a pattern of ONES 
and ZEROS is shifted through the register. The :B.ip-:flops are arranged so that each 
stage except FIBl changes its state upon application of an F DRIVE pu]se providing 
the preceding stage is in the opposite state. If the preceding stage is in the same state, 
the :B.ip-:B.op does not change state. The operation of FIBl is as follows. The A out-­
put of the feedback circuit is awlied to input 7. The A output is a1so applied to in­
put 9 of inverter A4-13. The A output of the inverter is applied to input 2. When 
triggered by an F drivs pu]se, FIB1 will change from the ONE state to the ZERO state 
only if the A output of the feedback circuit is a ZERO, and will change from the ZERO 
state to the ONE state only if the A output of the feedback circuit is a ONE. 

(2) Pennuter.-The permuter provides a means of manually changing the main key pattern 
generated by the Fibonacci shift register. The permuter consists of 30 patch cords. 
The Fibonacci ends of the patch cords are used to connect the outputs from 30 of the 
31 pluggable :B.ip-:B.op stages of the Fibonacci shift register to the t, i, r, ij, and p combi­
ners according to a preassigned key list which is changed at specified intervals. The 
combiners ends of the patch cords are semi-permanent]y attached to the permuter and 
will not normally bs changed unless system security has been jeopardized. 

(3) Combiners.-The combiners combine the 30 Fibonacci output signals that are selected 
by the permuter and produce fivs key timing signa1s, called p, q, r, i. and t. Each 
combiner consists of four -3 input NOR gates connected to a common output. If 
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all three inputs of a given NOR gate are simultaneously ZERO, the COliUDOll output 
is a ONE. However, if at least one input of every gate is ONE, the common output 
is ZERO. The i combiner also has provisions for a PLAIN signal input which inhibits 
the output of the i combiner when the K.W-7 is operating in the plain mode. The 
outputs fro.m combiners 8 and t are applied to the drive pulae generating and pulae 
deletion circuit. The outputs from combiners p through rare applied to the secondary 
key generating circuit. 

b. Driue Pulse Generating and Pulse Deletion Circuit <fill. 4-68).-The drive pulae generating 
and pulae deletion circuit performs two functions. First. it generates F DRIVE pu1ses for 
the Fibonacci and KG pu1ses for various other functions in the key generator. Second, it 
interrupts the Fibonacci cycle by occasionally deleting nn F DRIVE pu1se. 

-

ll '! Driue pulse generator.-The drive pulse generator, comprising NOR gate A4-19 and 
power amplifier A4-21, generates KG pu1ses at the output bit rate if the KW-7 is 
either in indicator or normal phase of operation and is not in the plain mode. The 
I&N signal applied to input 6 of A4-19 is a ZERO enable whenever the KW-7 is in 
indicator or normal phase of operation. The plain signal applied to input 7 is a ZERO 
enable~ during plain operation. Therefore, during indicator and normal phase of 
cipher operations, A4-19 produces a ONE !en each time OBR is ZERO. Power 
amplifier A4-21 inverts 'I«J to produce KG. KG generates F DRIVE ~y trig­
gering one-shot ~2 via AND gate A6-1. A6-1 is disabled if SPEC INT U 
becomes ZERO, as described in pllrllgl'aph (2) below. 

(2) Pulse deletion.-The pulse deletion circuit dilates the Fibonacci cycle by occasionally 
deleting an F DRIVE pulse. The circuit is so arranged that two successive pulaes 
cannot be deleted. Principal circuits of the pulae deletion circuit are a MOD 2 adder 
and a ONE-to-ZERO detector. 
fa) The MOD 2 adder (A4-16A, A4-17A, A4-18, A4-17B) performs an EXCLU­

SIVE OR (half addition) of the t and i outputs of the primary key generating 
circuit. In this operation, the sum is derived without taking into account any 
possible carries. The essential functional feature of a MOD 2 adder is that its 
output is a ONE when the two inputs are unlike, and a ZERO when they are alike, 
as will be evident from an examination of the following truth table. 

EXCLUSIVE OR Truth Table 

Inputt Inputs ti ts OutputC .. t <±) i 

0 0 0 0 0 + 0 = 0 -
0 1 1 0 1+0==1 

1 0 0 1 0+1 ... 1 -
1 1 0 0 0+0=0 _____ ..._ ---

fb) Flip-:flop A4-8 and NOR gate A4-15B compose the ONE-to-ZERO detector. 
Neglecting the MOD 2 adder signals on inputs 2 and 7 of A4-8, it is seen that a 
SET pulse initially sets A4-8 to the ZERO state, placing a ONE on input 7 of 
A4-15B. This makes the output of A4-15B a ZERO. which in turn drives the 
output of inverter A4-16B to ONE. This ONE enables AND gate A6-1, allow­
ing the KG pu1ses to trigger one-shot A6-2. A6-2 generates the F DRIVE 
pu1ses which shift the Fibonacci register. 

(c) Assume that the MOD 2 adder output is a ONE, enabling input 7 of A4-8. The 
leading (positive-going) edge of the next KG pulae triggers A4-8 to the ONE state, 
placing a ZERO on input 7 of A4-15B; the output of A4-15B is held at ZERO, 
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however, by the ONE on input 6. A4-16B maintains the ONE enable on A6-1 
and the F DRIVE pulses continue to be generated. Now assm:ne that the MOD 
2 adder output goes to ZERO. A4-8 will remain in the ONE state for one baud 
time until the next KG pulse. During this interval both inputs to A4-15B are ZERO, 
forcing A4-15B to deliver a ONE to A4-16B. 'lhe output of A4-16B goes to 
ZERO, disabling A6-1 and causing one F DRIVE pulse to be deleted. The next 
KG pulse resets A4-8 to ZERO, and the F DRIVE pulses are again generated in 
the normal JD81111el'. 

(d) As stated previOUIIly, two successive F DRIVE pulses cannot be deleted. The 
reason for this is that SPEciAL POINT U cannot remain at ZERO for more 
than one baud time; as JPill be evident from an examination of the waveform 
chart of figure 4-68. .Tile A4-8 output is the com~C:t of the MOD 2 adder 
output, but delayed one baud time. SPECIAL U is a ZERO disable 
only when these two outputs are simultaneo~ ZERO and since this condition 
can only exist for one baud time. .SPECIAI!=;INT_!Lcan.only have a duration 
of one baud time. Therefore, only a single F DRIVE pulse can be deleted. 

c. Secondary Key ~ Circuit <fill. 4-69). The secondary key generating circuit com­
bines the outputs from the primary w generating circuit to produce two secondary key 
timing pulses, X and W. The logic comprises a q."r reentry adder, an accumulator, a Y 
delay, a P delay, a Y ·P adder, and a Y ·Sadder. 
(1) i·r 1'e-entr,y adder.-The <i :r re-entry adder consists of two inverters (A4-18 and 

A4-19) and two NOR gates (A4-20A and A4-20B). It is a re-entry adder which 
adds the output of the q and r combiners to produce T. The output of the adder is a 
ZERO when ij and rare opposite in polarity, and a ONE when q and rare the same 
polarity • 

(2) Accumulator.-The accumulator (A4-11A, A4-11B, and A4-10) is a gated :flin.il'op 
which~ its stat'! when pnl""'iN a KG DRIVE pulse only ifT is ZER0.7'T is 
applied to NOR gates A4-11A and A4=lffi. tnpUt 9 Of A4r11B is OOiiDected to the 
ZERO side output of A4-10, while input 6 of A4-11A is connected to the ONE side 
output of A4-10. A4-10 will complement when triggered. by a KG DRIVE pulse 
only when the output of the gate connected to the non-conducting side is a ONE. A4-
10 has been initially set to ONE by a SET pulse from the extensor and control, so that 
a ZERO eDB.ble exists on input 9 of A4-11B. The initial polarity of'T depends upon 
the arrangement of the permuter patch cords. Assume that Tis a ONE. This places 
a ZERO disable on inputs 2 and 7 of A4-10 and prevents KG from triggering A4-10. 
Now 88EIIline that T becomes ZERO, and enabling input 8 of A4-11B. 'The output 
of A4-11B becomes ONE, enabling input 2 of A4-10. KG sets A4-10 to ZERO, 
placing a ZERO enable on input 6 of A4-11A. If T remains ZERO until the next 
KG pulse, A4-10 will be set to ONE due to the ONE enable on input 7. A4-10 will 
remain in the ONE state until the T goes to ZERO, again enabling A4-11B, and A4-
10 is complemented by the KG pulse. 

(3) Y delay.-The Y delay (flip-ftop A4-9) gives the same output as the accumulator but 
delayed one baud time. The accumulator output determines whether the state of 
A4--9 will be changed by KG. A4--9 is initially set to the ONE state by the set pulse. 
Since input 7 of A4-9 is a ONE enable due to the initial ONE set of A4-10, the KG 
pulses can do nothing more than verify the existing ONE state. When A4-10 changes 
state, input 7 of A4-9 becomes a ZERO disable, while input 2 becomes a ONE enable. 
One baud time later, KG sets A4--9 to ZERO. Subsequent KG pulses are ineffective 
until A4-10 again changes state, restoring the ONE enable on input 7 of A4-9. One 
baud time later, KG sets A4--9 to ONE. 

(4) P delay.-Tbe P delay circuit (ilip-:flop Aa-7 and inverter Aa-21) delays the P output 
from the primary key generating circuit for one baud time, i.e., the interval between 
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two KG pulses. Operation of the P delay is essentially the same as the Y delay, except 
that the complementary input gate signals for A3-7 are derived from an inverter 
iA3-21) instead of a :Bip-1lop . 

• 5) Y·P adder.-Th.e Y·P adder, A3-15A and A3-15B, is a MOD 2 adder which adds 
the outputs of th8 Y and P delay circuits to produce secondary key signal X. Opera­
tion of this circuit is the same as that of the MOD 2 adder described in the drive pulse 
generating circuit except that the required complementary input signals are obtained 
from 1lip-:ftops instead of inverters. 

r6l Y ·Sadder.·-TheY ·Sadder, AS-19, A3-18A, and A3-18B, is a MOD 2 adder which 
adds YN -1 and s to produce secondary key signal W. The complement of one 
signal, YN' -1, is derived from a :ftip-flop (A4--9) instead of the usual inverter. 

d. Auto Key Circuit (fig. 4-70).-The auto key circuit increases key depth by generating a 
modified key signal which is a function both of the previously transmitted cipher Zl, 
and the secondary key signal X. This modified key signal is called the auto key, or V. 
The auto key ci:l'cuit comprises theE gate, the Z1 gate, the X ·Z adder, the auto key register 
the auto key drive :inhibitor, the auto key drive generator, and the V combiner. 
rll E and Zl ~.-TheE gate (A3-14) and the Zl gate (A.S-17 and A.S-19) control the 

1low of information into the X·Z adder (A3-ll, A3-12A, AS-lOA, A3-10B). In re­
ceive normal operation, NORMAL 3 and SEND 2 are both ZERO, enabling E gate 
A3-14. These ZEROs a1so enable inputs 8 and 9 of NOR ~te A.S-17, causing A.S-17 
to place a ONE disable on input 8 of Zl gate A3-19. TheE or Z input to the X·Z 
adder at this time consists of E. In send normal operation, the E gate is disabled by 
SEND 2, which is ONE at this time, while the Zl gate is enabled by the ZERO out­
put of NOR gate A3-17. The E or Z input to the X ·Z adder will now be Zl. 

12"1 X-Z adder.-The X·Z adder £8118I:ates an L signal by performing a MOD 2 addition 
of the X key stream and the E or Z output of the E or Zl gate. This L signal sr.eers 
:ftip-1lop A3-2 in the auto key register; if a ONE L enablss input 7 of A.S-2, the ZERO 
L output of inverter A8-9A disables input 2 of A3-2, allowing the A KEY DRIVE 
pulse to set A.S-2 to the ONE state. A.S-2 remains in the ONE state until L becomes 
ZERO and L becomes ONE, after which time the A KEY DRIVE pulse sets A.S-2 to 
ZERO. 

t3l Auto key 1"'..gister.-The auto key register, (Q register) consists of :Bip-1lops A3-2 
through AS-6. It is a conventional five-stage shift register. A.3-2 through AS--4 is 
set to the ONE state and A3-5 through A3-6 is set to the ZERO state by a SET pulse 
from the extensor and control. When the register is triggered by the A KEY DRIVE 
pulses, a pattern of ONEs and ZEROs is shifted through the register from left to 
right. The register is so arranged that each :ftip-flop, except A8-2, changes its state 
upon receipt of an A KEY DRIVE pulse, if the preceding stage is in the opposite state. 
Each output from the shift register forms one input to the V combiner. 

t4t Auto key drive inhibitor.-Th.e auto key drive inhibitor (NOR gate A3-8A) inhibits the 
auto key drive generator at all times except during the time of the five information 
bits of each character. The N.I signal on input 8 is ZERO whenever a character is 
being received or transmitted. START, on input 6, is ZERO except during the start 
bit of each character. STOP, on input 7, is ZERO except during the stop bit of each 
character. Therefore, the only time that the output of A3-8A is a ONE enable for 
input 2 of flip-flop A3-1 is during the five information bits of a character. 

15) Auto key drive generator.-The auto key drive generator (:ftip-fiop A.3-1 and inverter 
A3-8B'l generates the A KEY DRIVE pulses which drive the auto key register. 
These pulses have the same repetition rate as the KG pulses. They occur only when 
input 2 is enabled by a ONE from the auto key drive :inhibitor. A3-1 is initially set 
to the ONE state by a SET pu1se from the extensor and control. Output 3 of A3-1 
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- I now places a ZERO disable on input 7, preventing KQ from triggering A3-1 as long 
as input 2 is ZERO. When input 2 becomes ONE (during the five information bits 
of a cbaracter), KU sets A3-1 to the ZERO etate, maki;ng output 8 of A3-~ a ONE. 
This ONE enables input 7 of A3-1 and drives the A KEY DRIVE output of inverter 
A3--8B to ZERO. A .KEY DRIVE remains ZERO until the next ZERO,-to-ONE 
transition of KG sets AS-1 to ONE. A KEY DRIVE simultaneously goeelto ONE' 
and triggers the auto key register. 1 

(6) V combiner.-The V comb~ composed of NOR gates A3-9B, AS-llB, ~2B, and 
AS-13, combines the X and X signals, from the secondary key generating logic, with 
the outputs of the auto key~· produrr. a~ arb~v called V. V can be 
expreesedlogicallyasV = (Qi::X) + ~l.Q2~) + (s:Q5·X) +~(Q§IQ3·Q4). 

e. Final Key Generating and Key Adding Circuit (jig. 4-71).-The final key g ting and 
key adding circuit performs two .functions. It generates the final key signal (K), and also 
adds this signal to plain text to produce cipher, or to cipher to produce plain texf. Prin­
cipal circuits are the final key generator, the key adder, and the start-stop gate. j 
(1) Final key generator.-The final key generator is theW· V adder which comp~ AS-13, 

AS-14, A3-20A, and A3-20B. This adder performs a MOD 2 addition of the second­
ary key signal W, from. the secondBry key circuit, and the Vauto key sb:eam~m the 
auto key circuit. This MOD 2 addition produces the final key signal K, wfl¥:h is ap­
plied to the key adder. Two additional outputs, W and V, are applied to the alarm 
circuit. I 

(2) Key adder.-The key adder, comprising A3-17A, A3-16A, and A3-16B ~orms a 
MOD 2 addition of final key K and the E output from the data extensing ~it. It 
should be remembered that E will be plain text during send operation and cipher dur­
ing receive operation. Thus, during send the MOD 2 addition of E and K gi"ies cipher 
while during receive the same process gives plain text. The output of the It;Y adder, 
Z1, :is applied to the start-stop gate and to the key alarm circuit. 1 

(8) StarHtop gate.-Tbe start-stop gate, comprising inverter A3-19A and NOR ga'tes A13-
19B and A13-18A, ensures that the start and stop bauds of a character will pe trans­
mitted in plain text. Al3-19B :is disabled by a ONE START only during the start 
baud of a cbaracter. Al3-18A is disabled by a ONE STOP only· during the stop baud 
of a character. Therefore, the Zl output of the key adder is transmitted! through 
Al3-19B and A13-18A to Z2 inverter Al3-17B and Z3 inverter A13-18B at all times 
except during the start and stop bauds of a character. Z2 inverter A13-1~ inverts 
the output of Al3-18A and delivers a Z2 signal to the line and loop output; circuits. 
Z2 will be plain text if the KW-7 is receiving and cipher if the KW-7 :is tr'an!mrltting. 
Z3 inverter Al3-18B delivers a Z3 signal, which is identical with Z2, to the Ji'l'bonacci 
feedback circuit. 

I 

f. Fibonacci Feedback, Loop Output, and Line Output Circuit (fig. 4-72).-The Fiboruiccl. feed­
back, loop output, and line output circuit performs the following three functions:j 1) pro­
vides feedback to the Fibonacci which causes the Fibonacci register to start at S: random 
point in its cycle, 2) controls the :flow of information to the loop output circuit). and 3) 
controls the dow of information to the line output circuit. The following ~n is 
broken down according to the three .functions. I 
(1) Fibonacci feedback circuit.-The Fibonacci feedback circuit provides random ~tion 

of the initial key stream produced by the Fl'bonacci shift register. The circuit consists 
of a power amplifier, the feedback Z gate, the feedback 35 gats and the Jl'!'bonacci 
feedback adder. I 
(a) Feedback 35 gate A4-12A and feedback Z gate A4-12B, in conjunctJOn with 

power amplifier A4-21, control the 35 or Z3 input to the Fibonacci feedpack ad­
der. During phasing and indicator NORMAL 2 is ZERO, the No~ 3 out-

1 
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put of power amplifier A4-21 is ONE, A4-12B is enabled, and A4-12A is disabled. 
The output of A4-12B at this time is Z3, which is applied to the Fibonacci feed. 
back adder. During normal operation, NORMAL 2 is ONE, the NORMAL 3 
output of power amplifier A4-21 is ZERO, A4-12B is disabled, and A4-12A is en­
abled. The output of A4-12A at this time is 35, which is applied to the Fibonacci 
feedback adder. 

(b) The Fibonacci feedback adder, comprising A4-13, A4-14A, and A4-14B, gener­
ates an A signal which is the result of a MOD 2 addition of the 39th Fibonacci 
stage •lutput and either 95 or Z3. During indicator operation, the A signal is 
39 ~ Z3 while during normal operation A is 39 E9 35. In either case, the 
A signal determines the pattern of ONEs and ZEROs which will be shifted through 
the Fibonacci shift register. 

(2) Loop output circuit.-The loop output circuit gates the plain message to the loop circuit 
during both. send and receive operations. Major circuits are the loop Z2 gate, the 
gated loop in gate, the bit rate gate, and the loop output register. 

216 

<a) Loop Z2 gate.-The loop Z2 gate, A11-4A, passes Z2 only when Z2 consists of 
plain text, that is, only when a cbaracter is being received during normal receive 
operation. Gating signals to Al1-4A are SEND, NORMAL 2 and LOCO. 
SEND is a ONE disable during send operation and a ZERO enable during receive 
normal. NORMAL 8 is a ZERO enable during normal phase of both send and 
receive operations. LOCO is a ZERO enable only during the time a character is 
being received or transmitted. Therefore, A11-4A produces an inverted Z2 signal 
only during the time a character is being received in normal phase of operation. 
If any input to All-4A becomes a ONE, the output of All-4A becomes a ZERO. 

(b) Gated loop in gate.-The gated loop in gate, A11-4B, passes the GATED LOOP 
IN signal only when the latter consists of plain text information, that is, only 
during send operation. All-4B also inhibits GATED LOOP IN when an ALARM 
signal is generated by the alarm circuit, thus preventing th8 po8Bi6mtj oHians­
mitting information 8ftel' a ma:tfllD.Ction occurs. Gitiiig SignalS to A11=4B are 
SEND 1 and ALARMI. SEND 1 is a ZERO enable only during send operation. 
ALARM\is a ZERO enable except when the alarm circuit detects a malfunction. 
Therefore, All-4B produces an inverted GATED LOOP IN (LOOP IN) signal 
when the KW-7 is sending properly. 

(C) Bit rate gate.-Bit rate gate All-13A and A11-13B allows loop output register 
All-1.2 to bs triggered by IBR pulses during send operation, or by OBRl pulses 
during receive operation. In send operation, SEND 1 is a ZERO enable on input 
9 of All-13A, while SEND 1 is a ONE disable on input 7 of All-13B. Under 
these conditions, All-13B transfers inverted IBR pulses while Al1-13A is disabled. 
In receive operation, SEND 1 is a ONE disable on input 9 of All-13B, while SEND 
1 is a ZERO enable on input 7 of All-13A. All-13A now produces an inverted 
OBRlpulse. 

(d) Loop output register.-Loop output register All-12 stores the LOOP OUT infor­
mation until triggered by the pulses from.A11-13A or All-13B. All-12 isinitia.Ily 
set to the ONE state by a SET pulse on input 12. If LOOP IN is ZERO, input 
2 of All-12 will bs disabled, while a ONE from inverter All-11 will enable input 
7. The next LOOP OUT DRIVE pulse therefore can do no more than verifY tbe 
existing ONE state of A11-12. However, if LOOP IN is ONE, input 2 is enabled 
and input 7 is disabled. The next LOOP OUT DRIVE pulse sets A11-12 to the 
ZERO state, where it will remain until triggered back to the ONE state by the 
first LOOP OUT DRIVE pulse to occur after LOOP IN returns to ZERO. The 
output of All-12 is the LOOP OUT digital signal (LOOD). 
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(3) Line output.-The line output circuit gates the transmitted message to the line output 
circuit. The circuit comprises the following circuits: ]iQe E gate, JiQe Z2 gate, GZO­
GEO gate, and the line output register. 
(a) Line E gate.-Line E gate Al3-16B supplies phasing and indicator information 

(E) to the line output register during the phasing and indicator phases of send oper­
ation. The S:W signal applied to input 9 of A13-16B is a ZERO enable only dur­
ing phasing and indicator phases of send operation. At this time, the E output 
of inverter A13-17, which is applied to input 10 of A13-16B, is inverted to form the 
GEO (gated E out) signal. GEO is applied to input 6 ofGZO-GEO gate A5-0A, 
and to the alarm circuit. 

(b) LineZ2gate.-Line Z2 gate A13-16Apasees piam or ciphered information (depend­
ing on the mode of operation) to the liDe output =during send normal oper­
ation. Gate sigDals applied to A13-16A are NO 3 and II. NORMAL 3 is 
a ZERO enable during normal phase of operation, while 1\1 is ZERO when informa­
tion is being transmitted or received. Therefore, when information is available 
during send operati~ A13-16A inverts the Z2 signal to form GZO (gated Z out), 
which is fed to inpul!rifof GZO-GEO gate A5-6A. 

(c) GZO--GEO gate.-GZO--GEO gate A5-6A supplies inverted GEO pulses to inverter 
A5-5B during phasing and indicator phases of send operation and inverted GZO 
pulses during normal operation. The output of A5-6A is applied directly to input 
7 of line output register Al2-17; it is also inverted by inverter A5-5B and applied 
through contacts 7 and 4 of normally energized relay A5K1 to input 2 of Al2-1. \ . 
Relay A5K1 is energized in the following manner: ALARM and SEND 1, on in- 1 
puts 8 and 9 of NOR gate A5-11A, are both ZERO when tll8 KW-7 is seD.dhig 
properly. i'ft =~~ outpu~lA driYM :J:be Qlltp,ut of NOR 
P.te A5 110. · in turn drivestheoutput of power amplifier A5-9 to 
Attri ' ' .. anenerJrizilul llOtentialacmssthe_ooil of.A5Kl. If the KW-" ·· · 
into receive operation, or if an alarm condition occurs, SEND 1 or ALARM will 
become ONE, driving the output of A5-11A t<t ZERO.._Th.is..ZEBQ.. in combina­
tion with the normally ZERO PLAIN signiM ~f;..7._Qf.A5-11B. places a ONE 
on the output of A5-11B and a ZERO on the output of A5-9. A5K1 becomes 
deenergjzed, disabling input 2 of line outnut register A12--17. In 8dditiOn; th€" 
ONE ALARM sisnaJ. is fed via contacts 2 and 8 of K1 to the BUZ lline. The 
diode across the coil of A5K1 ~rotects ~amplifier A5-9 ~ a path 
for the negative surge WhiCh aj)ears on 'jnp1J of Kl at1iiStaDt A5K1 J8 
deenergized. This also insures that the relay is immediately deenergized when an 
al8l'lll condition occurs. 

(d) Line output register.-Line output register A12-17 stores the liDe out information 
until OBR2 time. A12-17 is initially set to the ONE state by a SET pulse from the 
extensor and control. If the line output from GZO-GEO gate A5-0A is ONE, 
OBR2 cannot trigger A12-17. However, when the line output from A5-0A becomes 
ZERO,' a ZERO disable is placed on input 7 of A12-17, and a ONE enable is applied 
to input 2 via inverter A5-0B and contacts 4 and 7 of K1. OBR2 now sets A12-17 
to the ZERO state. A12-17 remains in the ZERO state as long as the line output 
is ZERO. After line out returns to ONE, the :first OBR2 pulse resets A12-17 to 
ONE. If a break condition occurs, a ONE BRK signal will collector-set output 
3 of A12-17 via diode Al2-16. This signal will hold A12-17 in the ZERO state 
until break condition is eliminated. 

g. Fibonacci, I&NFa.ilureand PTS Alarm Circuit (fig. 4-73).-The Fibonacci, I&N fa.llure and 
PTS alarm circuit genera+- an alarm indication if 1) theW stream does not undergo at 
least on ZERO-to-ONE transition during a given eight character period, 2) the 39 stream 
does not undergo a transition from ZERO to ONE or ONE to ZERO during a given eight 
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character period, 3) the A stream does not become ONE at least during a given eight charac­
ter period, (which means that the Fibonacci is generating an alternating output), 4) The 
I&N tlip-1iop fails to generate a ONE in the normal mode of operation, 5) 10 seconds elapses 
with no data transmission in the send plain mode (This condition is optional). The follow­
ing circuit comprises the Fibonacci and I&N failure alarm. 
t1) Fibonacci alarm.-The Fibonacci alarm consists of the alarm generator, the Fibonacci 

and W activity monitor and the Fibonacci alternation detector. 
ra·t Alarm generator.-The alarm generator is made up of NOR gate A5-4A, inverter 

A5-4B, AND gates A5-12C and A5-12B, alarm control tlip-Bop A5-10, inverter 
A.5-SB, and lamp driver A5-9. Flip-:flop A5-10 is initially set to the ZERO state 
by a SET pulse from the extensor and control. This produces a ZERO ALARM 
signal at output 10 of A5-10, a ZERO ALARM 1 at output 2 and 14 of inverter 
A5-8B, and a ZERO at outputs 6 and 10 of lamp driver A5-9. The ZERO A­
LARM 1 enables the gated loop in gate in the fibonacci feedback, loop output, and 
line output circuit. A5-10 can be set to the ONE state (including an alarm condi­
tion) by a ONE pulse from AND gate A5-12C, by a ONE pulse from AND gate 
A5-12B. AND gate A5-12B produces a ONE pulse if there is GEO (gated E out) 
activity when the KW-7 is in the normal mode. The following paragraphs de­
scribe how these situations can occur. 

tb) Fibonacci and W alarm monitor.-The Fibonacci and W alarm monitor consists 
of the following circuits: CTRP gate A18-1B; +8 counter A13-2, Al3-8, A13-4 
and power amplifier~ W stream monitor A5-2, P stream monitor A5-l; 
AND gate A5-12A and ACT gate A13-20B, Al3-21A, Al3-19, and Al3-21B. 
The Fibonacci and W alarm monitor generates an alternation sample pulse (ASP) 
which undergoes a ZERO-to-ONE transition once every 8 characters (56 bauds), 
and uses this pulse to examine the activity of the Wand 39 streams. The Fibonacci 
and W alarm monitor also generates the activity signal (ACT) which provides the 
KW-7 with the system capabilty of providing an indication when transmitting 
plain text information. This indication (ACT) is found at the PTS (Plain Text 
Safety) connector, J6. 
1. I&N, on input 9 of inverter A13-1A, is a ONE during indicator and no1-mal 

phases of operation, making the I&NI signal on input 7 ofCTRP gateA13-1B a 
ZERO enable. PLAIN, on input 8 of A13-1B, is a ZERO enable if the KW-7 
is in the cipher mode. Therfore, Al3-1B produces a ONE pulse at the CTRP 
rate. This pulse is applied to the + 8 counter where its repetition rate is 
divided by eight to give an ASP pulse which occurs once every 8 characters. 
Power amplifier Al3-10 inverts ASP to form ASP, which is applied toW stream 
monitor A5-2, P stream monitor A5-1, Fibonacci alternation detector A5-3, 
and gate A5-12C. 

2. W stream monitor A5-2 may initially go to the ONE or ZERO state. Assume 
tha·~ A5-2 goes to the ZERO state, placing a ONE enable on its own input 7. 
At some later time, ASP sets A5-2 to the ONE state, making the W ALARM 
output a ONE. This ONE drives the output of NOR gate A5-4A to ZERO, 
which in turn drives the output of inverter A5-4B to ONE, enabling input 10 of 
AND gate A5-12C. A5-12C, however, does not produce a ONE at this Lime 
because the ONE enable on input 10 must be available at least 40 microsecc>nds 
before ASP. Returning to A5-2, the AT2A signal on input 2 is ONE enable 
except during testing. If the W stream is being generated properly, a ZERO­
to-ONE transition of W will occur before the next ASP pulse and will set A5-2 
back to ZERO, removing the ONE enable on input 10 of AND gate A5-12C. 
This prevents A5-12C from generating a ONE at ASP time, which would set 
alarm control :flip-flop A5-10 to the ONE state and cause an alarm indication. 
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If, however, the W stream has no activity, a ZERO-to-ONE transition will not 
occur before the next ASP pulse, and the ONE enable will remain on input 10 
of A5-12C. At ASP time, A5-12C produces a ONE which sets A0-10 to ONE, 
generating an alarm indication. 

3. P stream monitor A5-1 operates in a manner similar to theW stream monitor, 
with the difference that the only requirement for proper P stream generation 
is a transition either from ONE to ZERO or from ZERO to ONE during a 
given 8-cbara.cter period. A.TIA, on input 2 of A5-1 and input 18 of AND 
gate A5-12A, is a ONE enable except during testing. If a P stream transition 
occurs between two ASP pu1ses, either P" or P will go from ZERO to ONE. If 
~ (39) goes from ZERO to ONE, A5-1 will be set to the ZERO state via in­
put 1; if P (89) goes from ZERO to ONE, A5-1 wm be set to ZERO via AND 
gate A5-12A . 

4. Ac:r gate A13-20B provides the ACT sigDal which is applied to the PTS (plain 
text safety) circuit. When transmitting plain text, ACT is a varying signal 
whose content depends on the character being transmitted. the 
ment · · · send mode and no data is transmitted the 
a ONE. If this "tion or 1 . :&!!!m-~ 

yr._ R..m.Rl!t.~---- ND 2 sigDal from the 
phasing circuit is applied through power amplifier A13-21B and truncated 
diode A13-19 to terminal4 of Al3-20B. In the send mode SEND 2 is a ONE. 
The power smpli1ie:r inverts the sigDal and a ZERO is coupled to terminal 4 of 
the ACT gate. Another input to the ACT gate is the PLAIN sigDal which is 
inverted by power amplifier A13-21A and applied to terminal 9 of Al3-20B. 
When sending plain text PLAIN is a 0~. Because of the inversion perform­
ed by the power amplifier a ZERO is coupled to terminal 9 of the ACT gate. 
Since these two inputs are ~ the output of the ACT gate is determined 
by the remaining input, the ABIN sigual. ABIN varies with the input data 
being transmitted from the input teletypewriter. When ABIN is a ZERO, 
ACT is a ONE. Conversely, when AmN is a ONE, ACT is a ZERO. When 
no data is being transmitted, ABIN" is a ZERO and the ACT sigDal is a ONE. 
After a 10-eecond period of no transmission. the PI'S circuit (if active) inhibits, . 
the loop input. - -/;oo -. _ 

{c) Fibonacci alternation detector.-The Fibonacci alternation detector (~) ca~> ~­
an alarm indication if the Fibonacci begins to generate an alternating output. 
I. Inputs to the Fibonacci alternation detector are an ASP pulse which occurs once 
~8 characters, a KG pulse which occurs at the start of each baud, and an A 
sign1.l which the Fibonacci generates by performing a MOD 2 (EXCLUSIVE 
OR) addition of the outputs of stages 35 and 39. As lopg as the Fibonacci is 
operating properly, A will be a ONE for at least one baud during a given 8 
character interval. When A is ONE, input 2 of dip-flop A5-8 is enabled, 
allowing a KG pulse-to set A5-3 to the ZERO state. This places a ONE on 
output 3 and a ZERO on output 10. The ONE on output 3 enables input 7, 
allowing the next ASP pulse to reset A5-3 to the ONE state. Output 10 of 
A5-3 now becomes a ONE which drives the output of NOR gate A5-4A to 
ZERO. This ZERO is inverted to a ONE by inverter A5-4B, enabling input 
10 of AND gate A5-12C. However, due to the inherent delay through A5-4A 
and A5-4B, this ONE enable arrives too late to open A5-12C for the same ASP 
pulse which triggered A0-3. If the Fibonacci is operating properly, some activ­
ity will occur before the arrival of the next ASP puJse, so that the A signal will 
at some time enable input 2 of ~. allowing KG to set A5-8 to the ZERO 
state. When A5-3 returns to the ZERO state, the ONE enable is removed 
from input 10 of AND gate A5-12C, and the next ASP pulse is prevented from 
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generating a ONE at the output of A5-12C. If, however, no Fi"bonacci activ· 
ity DCCUl'8 between the time A5-12C is enabled and the arrival of the next ASP 
pulse, the next ASP pulse generates a ONE at the output of A5-12C. This 
ONE triggers alarm :fl.ip-fiop A5-10, causing an alarm indication. 

2. The circuity which develops the A pulse is capable of detecting pure alternation 
in the following manner. If the J!"'ibonacci is generating a pure alternation, 
stages 35 and 39 will always be in the same state at any particular instant, as 
shown below: 

Stage {35 36 

State {: 
0 

1 

37 

1 

0 

38 

0 

1 

39 

1 

0 

Since the A pulse is developed by an EXCLUSIVE OR addition of the outputs 
of stages 35 and 39, and since these outputs are always identical, the A pulse is 
always ZERO. Therefore, A puJse cannot enable input 2 of :fl.ip-fiop A5-3, and 
the ONE on output 10 of A5-3 will remain. This ONE enables AND gate 
A5-12C as described in the previous paragraph. Upon receiving an ASP pu1se, 
A5-12C triggers :O.ip-flop A5-10, which in turn generates an alarm indication. 

121 l&N alarm detector.-The I&N alarm detector, A5-8A, triggere an alarm indication 
v if the I&N :flip-flop is not set to ONE during the normal mode of operation (this is a 

prerequisite for activity in the Fibonacci register). The inputs to A5-8A are NORMAL 
~and I&N. During normal operation NORMAL 2 is a ZERO. H, for any reason, 
I&N is also a ZERO, a ONE is generated at the output of A5--8A. This is an enable 
signal which is applied to input 7 of alarm :fl.ip-fiop A5-10. The next OBRi pulse sets 
A5-10 to ONE generating an alarm indication. An additional alarm function is pro­
vided by a signal from the Fibonacci feedback alarm circuit. Generation of this signal 
is discussed in a following paragraph. 

h. Fibonacci Feedback Alarm Circuit (jlg. 4-74).-The Fibonacci feedback alarm logic checks 
the operation of the Fibonacci feedback circuit by comparing the A output with another 
signal which will always be the complement of A if A is being generated properly. The cir­
cuit consists of the Z2 gate, the 35 gate, the 39·A adder, and the Fibonacci feedback com­
parator. 
11) Z2 gate and 35 gate.-Z2 gate A5-15A and 35 gate A5-16A have a common output which 

is connected to input 9 ofinverterA5-15B and input 7 of NOR gate A5-17A. At any 
given time either the Z2 gate or the 35 gate, but not both, will be enabled. The Z2 gate 
is enabled by a ZERO NORMAL 2 d~ indicator. At this time the input to inverter 
A5-15B and NOR gate A5-17A will be Z2. The 35 gate is enabled by a ZERO NOR­
MAL 2 during normal operation, so that the input to A5-15B and A5-17A at this time 
is35. 

12) 39·A adder.-The 39·A adder performs a MOD 2 addition of the 39 signal from the 
Fibonacci, and the A signal which is fed back to the first stage of the Fibonacci. The 
39 Ei3 A output of the 39·A adder is applied directly to input 10 of NOR gate A5-17 A 
and through inverter A6-18B to input 8 of NOR gate A5-17B. 

t3l Fibonacci feedback comparator.-The Fibonacci feedback comparator (A.5-15B, A.5-18B, 
A5-17A, A5-17B) performs a re-entry addition of 39 <f) A and Z2 or 85. Re-entry 
!EXCLUSIVE NOR) addition can be considered as the complement of MOD 2 (EX­
CLUSIVE OR) addition, as shown below: 

Inputs = A and B Output (sum) .. C 
MOD 2: C == AB + AB = A (±) B 
Re-entry: C = AB + AB a A ff} B 

220 OeNPIBH'N"t'fkb ORIGINAL 

• 

• 

• 

• 

• 



ID: 3559654 

• 

• 

• 

• 

e. 

0~ KAM-143B/TSEC 

Exclusive NOR Truth Table 

Input A InputB AB m SumC =AB+AB -A(±) B 

0 0 0 1 0+1==1 

0 1 0 0 0+0=0 

1 0 0 0 0+0=0 

1 1 1 0 1+0=1 

Examination of the table above reveals that the re-entry sum A Ef) B is the com­
plement of a MOD 2 addition of A and B. Tbe MOD 2 adder can be modified to per­
form re-entry addition by connecting an inverter to the output, as shown below: 

MOD 2 ADDER 

A ' ~/ 
B 

B • .... ,_,. 

MOO 2 SUM 
AB+AB= A<t)B 

INVERTER 

~ 

RE-ENTRY SUM 

A(f')B 

C =A® B 

However, a simpler method is to rearrange the two input inverters, as is done in the feed­
back comparator: 

: . I B~ 
~C=AB+AB A$8 

The essential functi<mal feature of the re-entry adder is that it outpubJ a ONE when the 
inputs are alike, and a ZERO when they are unlike. Operation of.the Fibonacci feed­
back comparator can be more easily understood by examining the composition of the 
Fibonacci feedback signal A. During the inc:licator phase, A is formed by MOD 2 
adding cipher and the output of stage 39 of the Fibonacci. During the normal phase. 
A is formed by MOD 2 adding the outpu11! of stages 35 and 39 of the Fibonacci. As 
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explained in a preceding paragraph, the common output of the Z2 and 35 gates during 
indicator is Z2, and during normal is 35. Thus, during indicator, the feedback compara­
tor perfonns a re-entry addition of Z2 and 39 Et) A to obtain ZERO. During normal, 
the comparator performs a re-entry addition of 35 and 39 <±> A to obtain ZERO. 
From this it is seen that, as long as the Fibonacci feedback is being generated properly, 
the output of the feedback comparator will always be ZERO, and input 20 of AND 
gate A5-12 will never be enabled. However, if a malfunction occurs in the generation 
of the Fibonacci feedback, the output of the Z2 or 35 gate will at some time be different 
from the 39 (B A output, causing the feedback comparator to produce a ONE en­
able to A5-12. At KG time, A5-12 produces a ONE pUlse to the Fibonacci alarm cir­
cuit, triggering an alarm indication. 

i. Key Alarm Circuit (fig. 4-75).-The key alarm logic checks the formation of the key signal. 
The circuit consists of the alarm W • V adder, the alarm key adder, and the key comparator. 
In order to understand the operation of the key alarm circuit, it will be helpful to recall that 
final key is obtained by MOD 2 adding the V and W streams from the secondary key genera­
tor, and that the MOD 2 sum of cipher and plain text equals the MOD 2 sum of the V and W 
streams from the secondary key generator. 
11·, Alarm W·l' and alarm key adders.-The alarm key adder (A5-14A and A5-14B) per­

fonns a MOD 2 addition of cipher ZlA and plain text E to produce K, while the alarm 
W • V adder performs a MOD 2 addition of V and W to produce K. The outputs of 
these two adders must always be equal it the KW -7 is operating properly. 

121 Key comparator.-The key comparator (A5-21A, A5-13A, A5-13B, A5-21B) performs 
a MOD 2 addition of the outputs from the alarm key adder and the alarm W • V adder. 
As long as these two signals are identical, signifying correct circuit operation, the output 
of the key comparator will be ZERO. If a malfunction occurs, the signals will no longer 
be identical, and the comparator will pass a ONE to the alarm generator circuit. AT3A 
on inputs tCI A5-13B and A5-21B are to check the circuit during alarm test. 

j. Alarm Test Switch (fig. 4-76).-The ALARM TEsr switch provides a means for testing the 
operation of the Fibonacci and I&N alarm circuit, the alarm circuit, the Fibonacci alarm cir­
cuit, and the key alarm circuit. 
111 OFF positU:m.-ATlB, AT2A, and AT2B are connected to ground via 8.6 K resistors. 

ATlA is connected to ground through a 300 ohm. resistor. 
121 Position 1.--ATlAand.A.Tii3 are connected to -6 Vvia terminall of deck C. ' 

raJ ATlA :is applied to the P stream monitor of the Fibonacci and loop activity alarm 
circuit (fig. 4-73), preventing the monitor from being reset at the required time. 
If the monitor is operating properly, it will produce a signal which permits the 
alarm generator to be set at ASP time, giving an alarm indication. 

( b.l .ATilJ is applied to the RNAl motion detector (A13-5) in the alarm circuit, pre­
venting the detector from bsing reset at the required time. If the detector is 
operating properly, it will produce a signal which will allow a motion alarm {MI) 
indication to be generated. 

131 Position 2.-AT2A and AT2B are connected to -6 V via terminal2 of deck C. 
1a1 AT2A. prevents theW stream monitor of the Fibonacci and loop activity alarm cir­

cuit from being reset at the required time. If the W stream monitor is operating 
properly, it will produce a signal which allows the alarm generator to be set at ASP 
time, giving an alarm indication. 

1b1 AT2B prevents the RNA2 motion detector (A13-6) of the alarm circuit from be­
ing reset at the required time. If the detector is operating properly, it will pro­
duce a signal which will allow a motion alarm indication to be generated. 

<4 1 Position 3.--AT3A and AT3B (M2Bl are connected to ground via terminalS of deck C. 
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(a) AT3Aisapplied throughadiodetotheoti.tPutof 8£ND·NORMAL ga~ Bin the 
alarm circuit. This causes the 8-R signal to enable the input of the MOD 2A adder. 
AT3A is also applied through diodes to the Fibonacci feedback adder. This causes 
the A stream to be a constant ZERO, thus checking the operation of the Fibonacci 
alternation detector. 

(b) Simultaneously, A'1'3B (M2B) grounds tbe output of the MOD 2B adder. If the 
randomizer circuitry is operating properly, M2A activity will be present, so that 
when M2A goes to ZERO, the inputs to the MOD 2C adder are unequal and the 
MOD 2C adder produces a ONE which enables the motion indication :f:lip-:ft.op to be 
set to ONE at OBR2 time. This in tum will cause the MI lamp to be illuminated. 

(5) Position. 4.-AT4A and AT4B are connected to ground via terminal4 of deck C. 
(a) AT4A disables the Fibonacci feedback comparator (Fibonacci feedback alarm 

circuit )and the key comparator (key alarm circuit), preventing these circuits from 
triggering an alarm. 

(b) AT4A is applied through a diode to the output of the MOD 2A adder in the alarm 
circuit, clamping the M2A signal to ground. . 

(c) Simultaneously, AT4B is applied to the outpu£ of SEND ·NORMAL gate B in 
the alarm circuit, causing the s:N signal to become a ZERO at the input of the 
MOD 2B adder. If the randomizer circuitry is operating properly, M2B activity 
will be present, so that when M2B goes to ZERO the inputs to the MOD 2C adder 
are unequal and the MOD 2C adder produces a ONE which enables the motion 
indication ffip-ftop to be set to ONE at OBR2 time. This in turn will cause the 
MI lamp to be illuminated. 

(d) vAT4B is also applied to AND gate A6-11 which permits the normal :f:lip-:ft.op in 
the normal generator circuit to be set to the ONE state, generating a ONE NOR­
MAL 1 causb:tg the GEO gate to trigger the alarm. 

(6) Position. 6.-AT5 and 80S are connected to ground via terminalS of deck C. 
Ja) AT5 disables one ~on of the 39 ·A adder in the Fibonacci feedback alarm cir- '2, 

cuit, causing the~ output to be a constant ZERO. If the Fibonacci feedback • 
comparator is operating properly, it will generate a ONE output which will cause 
an alarm indication. 

v<b) With SOS connected to ground, a constant ONE is applied to 80S alarm detector 
A13-20. If this detector is working properly it will produce a ZERO output which 
will result in the generation of a motion alarm indication. 

v(7) Position. 6.-A T6 (39 ·A) is connected to ground via terminalS of deck C. A T6 makes 
the output of 39·A adder a constant ONE. (Refer to Fibonacci feedback alarm 
circuit.) If the Fibonacci feedback comparator is operating properly, it will generate 
a ONE output which will cause an alarm indication. (To perform this check, the unit 
must be in the SEND mode.) ,,:d.M. · · · 

v (8) Position 7.-AT'I is connected to grbund via terminal 7 of deck C. AT7 makes the 
output of the alarm W • V adder (key alarm circuit) a constant ONE. If the key com­
parator and alarm key adder are operating properly, the comparator will produce a 
ONE output which will trigger an alarm indication. 

A9) Position. 8.-ATB is connected to ground via.termianl8 of deck C. ATS makes the out-
- put of the alarm key adder (key alarm circuit) a constant ONE. If the alarm W • V • 

adder and key comparator are operating properly, the comparator will produce a ONE 
output which will trigger an alarm indication. 

(10) Position 9.-NORMAL 1 is connected to ground through terminal10 of deck C. As a 
result of this, the NORMAL 2 signal applied to I&N alarm detector A5-8 is a ZERO. 
At the same time a ground is applied to the power set circuit through terminallO of deck 
B. This resulU! in the generation of a set pu1se which sets the I&N tlip-:ft.op to ZERO. 
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Thus, the J&N signal which is applied to A5-8 is a ZERO. If A5-8 is operating pro­
perly, it will produce a ONE output which will trigger an alarm indication on input 7 
of the alarm control flip-flop, which will generate an alarm indication. · 

Cll) Position 10.-AT10A (ALARM 1) is connected to ground via terminallO of deck C. 
ALARM 1 (AT10A) is applied via contacts 2 and 8 of relay A5Kl (Fibonacci feedback, 
loop output, and line output circuit), to input 8 of NOR gate A13-8(audi'ble alarm cir­
cuit). If the audible alarm circuit is operating properly, the audible indicator will pro­
duce a clock-frequency continuous tone. 

ll2) Position 11.-POWER SET is connected to ground via terminal 11 of deck C. 
POWER SET resets a portion of the KW-7 circuitry and triggers the SET and SET 1 
generators. SET and SET 1 reset the remaining portions of the circuitry. This is 
done in order to remove abnormal conditions introduced during the alarm test pro­
cedure. 

k. Randomizer and Alarm Circuit (fig. 4-77).-The randomizer and alarm circuit consists of 
the randomizer and its corresponding alarms. The randomizer generates a random se­
quence of ONEs and ZEROs during the indicator phase. while the alarm circuit performs 
a check of randomizer operation, giving a visi'ble warning in case of ma1function. Principal 
circuits of the randomizer and alarm circuit are the following: two noiss generators, two 
noise amplifiers, a gate control, a noise gate, eight inverter isolators, a MOD 2B adder, a 
MOD 2A adder, a MOD 2C adder, a motion indication flip-flop, and two motion dete<.:tion 
flip-flops. 
(1) Noise generators.-Noise geDerators A14-14 and Al4-7 generate band limited raDdom 

noise signals which are amplified by noise amplifiers Al4-13 and A14-6. The outputs 
of the noise amplifiers are applied to noise gate A14-4, which is opened at mJRi. time 
by gate control Al4-11. When noise gate A14-4 is open, the output from Al4-13, 
and its complement, are applied to flip-:fiop A14-12, while the output from A14-6, and 
its complement, are applied to flip-flop A14-5. Flip-flops Al4-12 and A14-5 generate 
random noise outputs RNAl, :RNA:i, RNA2, and llNA2. These outputs, which may 
exist in any one of four posSJ.'ble con1i.gurations of ONEs and ZEROs, are applied via 
inverter isolators Al4-10A, A14-10C, Al~A, Al~C, A14-2A, A14-2C, Al4-3A, 
and A14-3C, to the MOD 2B adder (A14-8A and A14-8B), and to the MOD 2A ad-
der (A14-1A and A14-1B). ' 

Note: The KW-7 can function satisfactorily on only one noise generator. Two 
generators are used in order to avoid compromising system security in the 
event one geDerator fails. 

(2) MOD 2B adder.-Tbe MOD 2B adder (Al4-8A., A14-8B), generates a random M2B 
signal which determines whether shift register A, in the data extensing circuit, will 
produce a ONE or a ZERO at any particular instant during indicator. M2B is formed 
by a MOD 2 addition of two random signa]s, RNAl and RNA2, from the noise gen­
erating circuits. 8-'N is applied via diodes A14-10B and Al~B to inputs 5 and 3 
and 4 and 10 of NOR gates A14-8A and A14-8B. s:Jf is ZERO during phasing and 
indicator, enabling A14-8A and A14-8B. At this time, A14-8A and A14-8B MOD 2 
add the outputs of isolators A14-10A, A14-10C, A14-9A, and A14-9C. These out­
puts are RN'Ai, RNA2, RNA2, and RNAl, respectively. The output of MOD 2 ad­
der Al4-8A and A14-8B is the M2B signal which triggers stage 2 of SRA in the data 
extensing circuit. Signal AT3B which is tied to the M2B line, is normally ZERO dur­
ing operation, but can be made a ONE for testing by setting the ALARM T.EST 
switch to position 4. 

f3l MOD 2A adder.-The MOD 2A adder (A14-1A and Al4-1B) generates a second ran­
dom signal, M~hich is identical to M2B. This signal is used to check the genera­
tion of M2B. 8-N is applied via diodes Al4-2B and A14-3B to inputs 5 and 3 and 4 
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and 10 of NOR gatesA14-1AandA14-lB. 8-WisZEROduringpb.asingandindicator, 
enabling A14-1A and Al4-1B. At this time, Al4-1A and Al4-1B MOD 2 add the 
outp~ inverter isolators Al4-2A, A14-2C, A14-8A, and A14-8C; these outputs 
are , RNA1, RNAl, and RNA2, respectively. The common output of A14-1A 
and Al4-1B is the M2A signal which is applied to the MOD 2C adder. Test signal 
AT4A, tied to the M2A line, is normally ZERO but can be made a ONE for testing 
by setting the ALARM TEST switch to position 8. 

(4) MOD 2C adder.-The MOD 2C adder (A18-14A, A18-18A, Al8-14B, A18-13B) 
checks the operation of the MOD 2B adder by comparing its output with that of the 
MOD 2A adder. Since the MOD 2A and MOD 2B adders have identical inputs, 
their outputs should be identical at all times, and the MOD 2C output should be 
ZERO at all times. If a ma.Jfunction occurs in the M2B circuitry, M2B will no longer 
match M2A, and the MOD 2C output will become a ONE. This ONE will enable 
input 10 of AND gate Al8-12A. 

(5) Motion. DefBction.Flip-Flops. 
(a} AND gate A13-12A is used to set motion detection fl.ip-:8.op A18-7 rothe ONE 

state if the MOD 2C adder detects a dift'erence between M2A and M2B. A 
ONE enable on input 10 of A18-12A allows the next OBR2 pulse to produce a 
ONE pulse on input 9 of AlS-7. This ONE sets AlS-7 to the ONE state, pro­
ducing a ONE at input 7 of AlS-20. AlS-20 generates a ZERO which is applied 
to input 9 of lamp driver A18-11A. A18-11A produces a ONE (ground return) 
for the motion indication (MI) lamp, which becomes illuminated. This does not 
lockup the output of the KW-7. 

(b) The MI lamp will a1so be illuminated, indicating a malfunction in the noise gen­
erating circuit, if RNAl or RNA2 fall to undergo a transition from ZERO to ONE 
at least once every 8 characters. This indication occurs in the following manner: 
Signals ATlB and ATm are ONES (except during testing), enabling input 7 of 

_,.,.;... motion detection :8.ip-:8.op AlS-5 and input 2 of motion detector :.Oip-:ftop AlS-6. 
~ 1 Assume that RNAl and RNA2 are being generated satisfactorily, and are cbang-

--~o ing from ZERO ffi:;8NE at least once evmy 8 characters. The ZERO-to-ONE 
.,..........-:r. A- transitions trigger 8-5 and A13-6 to the ZERO state. This places a ZERO 
;...,. 'fa'O \Q, ~ disable on pin 8 of AND gate A18-12B, a ZERO disable on pin 7 of motion indi-

cation :8.ip-:8.op AJ3-7, a ONE enable on pin 2 of motion indication :.Oip-:8.op A13-6, 
and a ONE enable on pin 7 of motion detection :ftip-:8.op A13-6. The next ASP 
sigual. which occurs once for every 8 charactera, is unable to trigger motion indica­
tion :8.ip-:8.op A13-7 due to the ZERO disable on pin 7. However, the ASP signal 
is able to trigger motion detection :.Oip-:8.ops AlS-5 and A13-6 due to the ONE 
enable on pins 2 and 7, respectively. This places a ONE enable on pin 8 of Al8-
12B and on pin 7 of AtS-7. Assume a malfunction now occurs in the generation 
of the RNAl pulse, and no transition from ZERO to ONE occurs before the ar­
rival of the next ASP pulse. Flip-:8.op Al3-5 remains in the ONE state, and con­
tinues to apply a ONE enable to AND gate A18-12B. The next ASP pulse 
reaches AlS-7 via A18-12B, setting AlS-7 to the ONE state. A13-7 turns on 
the MI lamp by way of A13-20 and lamp driver Al3-11A, and a ma1function is 
indicated. Next, consider the alternative case where RNAl is generated satis­
fa.ctorily, but RNA2 fails. The previous ASP pulse triggered A13-6 to the ONE 
state, placing a ONE enable on pin 7 of Al3-7. If RNA2 does not trigger AlS-7 
by undergoing a ZERO-to-ONE transition before the next ASP pulse, the next 
ASP pulse will trigger A13-7 to the ONE state, and the MI lamp will be turned 
on via A13-20 and lamp driver A13-11A. 

(6) 80S alarm.-Gate A13-20, operating in conjunction with lamp driver Al8-11A and 
the MI lamp, provides an alarm indication if the 80S signal becomes a constant ONE. 
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SOS is applied to input 6 of A13-20. If this signal is a constant ONE, a ZERO is 
coupled to the input of lamp driver A13-11A. This produces a ONE at the lamp 
driver output and illuminates MI lamp DS3. It should be noted that the normal 
80S signal is a series of positive-going pulses of very brief duration. The duty cycle 
of this signal is so low that it cannot result in the illumination of the MI lamp. 

!71 Motion test.-The motion detection and indication circuits may be tested by setting 
the ALARM TEST switch to positious 1 and 2. In position 1, the ALARM TEST 
switch pla<.-es a ZERO disable on pin 7 of tlip-:llop Al3-5, preventing this :llip-:llop from 
being set to the ONE state by RNAl. The first ASP pulse triggers A13-5 to the 
ONE state, placing a ONE enable on pin 8 of AND gate A13-12B. The second ASP 
pulse triggers Al3-7 by way of A13-12B, and the MI lamp becomes illuminated. 
Similarly, when the ALARM TEST switch is in position 2, RNA2 is unable to set 
A13-6 to the ZERO state. The first ASP pulse sets Al3-6 to ONE, placing a ONE 
enable on pin 7 of Al3-7. The second ASP pulse sets Al3-7 to ZERO, and the MI 
lamp becomes illuminated. 

tS.l Motion stop.-Bince the random M2B pulses from the noise generating and MOD 2 
adder circuits are required only during the indicator phase of operation, some pro­
vision must be made to stop the M2B pulses 88 soon 88 indicator is completed. This 
function is performed by send normal NOR gate B, A15-15. The two inputs to Al3-
15, NORMAL 3 and SEND 3, are ZERO during indicator, placing a ONE on the in­
put of power amplifier Al3-11B. Al3-11B inverts the ONE, placing a ZERO enable 
on A14-8A, Al4-8B, A14-1A and Al4-1B. At the end of indicator operation, NOR­
MAL 3 be::omes a ONE, giving a ZERO output from Al3-15. A13-11B now places 
a ONE disable on A14-10B, Al4-9B, A14-2B, and A14-3B, stopping the generation 
of M2A and M2B pu1ses. 

l. Line Output Circuit (fig. 4-78).-The line output circuit converts the LIOD (line out digital) 
output of the line output register to a teletypewriter signal suitable for line transmil!sion. 
When LIOD is a ONE, a mark is transmitted to the line and when LIOD is a ZERO, a 
space is transmitted to the line. The line output circuit comprises emitter follower DAl­
Ql, differential amplifier, Al8Q3 and A18Q4, line out relay Al8K2, and.pd'output filters. 
A18Q3 and Al8Q4 form a differential amplifier which drives the two windings of line out 
relay Al8K2. Operation of the differential amplifier is such that when one transistor is 
··on" (conducting heavily), the other is "off" (open circuit). When LIOD is a ONE, the 
emitter of Ql is approximately at ground potential, making LIOA approximately +2 
volts and LIORV approximately +0.5 volts. LIOA cuts off A18Q3 while LIORV turns on 
Al8Q4, energizing the 2--3 winding of A18K2. A18K2 is a polar latching relay whose 
operation is similar to that of a ffip-fl.op; for example, when the 2--3 winding is energized, 
the armature 1\ill go to pin 7 and remain there even though the energizing current is re­
moved from the coil. When LIOD is a ZERO, the emitter of Ql drops to approximately 
-6 volts, making LIOA approximately -3.5 volts and LIORV approximately -3 volts. 
LIOA turns on Al8Q3, energizing the 1-8 windin:g of Al8K2, while LIORV simultaneously 
turns off A18Q·4, deenergizing the 2-3 winding of A18K2. The armature of A18K2 goes 
to pin 7 and stays there until LIOD again becomes· a ONE. Resistors A18R7 and AlSRB 
and capacitors Al8C3 and A18C4 comprise an arc-suppression network that protects the 
contacts of relay Al8K2. 

m. Loop Output Circuit (fig. 4-79).-The loop output circuit couples the LOOD (loop out digital) 
output of the lcop output register to the local page printer. During send operation LOOD 
represents the plain text version of the message which is being transmitted, so that at 
this time the page printer produces local copy which can be used to monitor the loop-input 
information. During receive operation, LOOD represents the receive message in plain 
text fol"m, so that the page printer at this time prints the message which originated at the 
sending KW-7. The loop output circuit comprises current source driver DA2-Ql, con-
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stant current source A18Q7--Q8, difl'erential amplifier, A18Q5-Q6, emitter follower DA1-
Q2, and voltage regulator AlBQl. 
(1) Current source driver DA2--Ql, regulates the operation of ccmstant cmrent source 

A18Q7--Q8, enabling these transistors to furnish a constant 20 or 60 ma current to the 
d.i1fe:rential amplifier. For 20 milliampere operation, the LOOP CURRENT selector 
switch A14-Sl is set to the 20 MA position, connecting the base of DA2--Ql to +6 V 
via DA2-R3 and DA2-R4; the emitter of A18Q7 is connected to +6 V via DA2-R4. 
Under. these conditions, the current through DA2-Ql is of such magnitude that the 
sum of the collector currenm of Q7 and Q8 can be set to 20 milliampere by adjusting 
LOOP OUTPUT ADJUST RlO. With the LOOP CURRENT selector switch set to 
60 MA, the current through DA2-Ql allows the sum of the A18Q7 and Al8Q8 cur­
rents to be adjusted to 60 milliamperes. Almost all of the output current :flows through 
the em.itter-to-coiiector circuit of A18Q7, with AlBQS contributing only a small portion 
of the total. Assume that the LOOP CURRENT selector switch is in the 20 MA 
position. If the output current attempts to rise above 20 milliamperes, the emitter 
current of A18Q7 will increase, making the lower end of DA2-R4 less positive. Since 
the base of DA2-Ql obtains its bias from the drop across DA2-R4, the base current 
of DA2-Ql will increase, causing DA2-Ql to draw more collector current. This in 
turn will make the tap of ffilO more positive, reducing the base current of A18Q8. 
Al8Q8 in turn reduces the base current of A18Q7, lowering the output current to im 
nominal value. . 

(2) When LOOD is a ONE, the emitter of DA1--Q2 is approximately at ground potential 
and the base of A18Q6 is one or two volm above ground. Al8Q6 is cut off, and the 
full 20 or 60 milliampere output of the constant current source :flows through Al8Q5, 
the first :filter, the selector magnet coil of the page printer, the second :filter, D.A3-Ll 
and A18R8 to -53 volt source • 

(3) When LOOD is ZERO, the emitter of DA1--Q2 is at approximately -6 V and the 
base of Al8Q6 is one or two volts negative. A18Q5 is cut off, and the entire 20 or 
60 milliampere output of the constant current source is carried by Al8Q6, Al8R6, 
DA3-Ll, and A18R3 to -53 V. This action acts as a dummy load on the power 
supply during the spacing condition, thereby creating a CODStan.t current demand from 
the power supply. In summary, when LOOD is ONE, the page printer selector mag­
net coil is energized, and when LOOD is ZERO the selector magnet coil is deenergized. 

(4) Voltage regulator Al8Ql regulates the voltage applied to the differential smpli:fler. 
If the voltage at the junction of Al8R3 and A18R4 becomes more negative, Zener 
diode DA3-CR1 conducts more heavily, supplying more base current to AlBQl. 
AlBQl draws more current, pulling the junction of Al8R3 and Al8R4 back toward 
ground potential If the voltage at the junction becomes more positive, the regulator 
draws less current and drives the junction in a negative direction. 

4405. Remote Control Unit, Detailed Theory.-The following paragrapbs discuss the de­
tailed theory of remote control unit operation. The :function of all switches, indicators and 
other intemal componenm are described, a8 well as the control and data signals which enter or 
leave the remote control unit. The general relationship of remote control unit :functions to 
system operation is also discussed. 

a. General.-The remote control unit may be Oonnecteci to the KW-7 by a cable with a maxi­
mum length of 500 feet to provide both remote control of the KW-7 and data pathe be­
tween the KW-7 and the teletypewriter equipment. 

b. Remote Control Unit Sc1&ernatic Analysis (fig. 4-80).-Rem.ote control of the KW-7 is 
po8Slole, provided the KW-7 PCR switch is placed in the REMOTE position. With the 
KW-7 set for remote control the KW-7 SEND and BREAK switches are disabled. , The. 
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SEND and BREAK switches on the remote control unit now have remote control over the 
KW-7. In addition the remote control unit PC switch now IISBUID.es control of PLAIN 
and CIPHER modes. 
il) Now that the remote control unit is operational, the KW-7 applies several conditions 

on input jack Jl of the remote control unit. These are as follows: ground on pins Jl-D 
and Jl-g, -6 volts DC on pins Jl-V and Jl-f, -53 volts DC on pin Jl-c, ehield 
grounds on pins Jl-T and Jl-d, SEND RETURN (ground) on pin Jl-F, BRGRR 
(ground) on pin Jl-B, +6 volts DC on pin Jl-a and a signal ground on pin Jl-8. 

C2) When the PC switch on the remote control unit is set to PLAIN ASYNC -6 volts 
DC is applied to illuminate the PLAIN light, a ONE PAR signal is sent out on pin Jl­
W, and a ZERO PAR signal is sent out on pin Jl-Z. 

<3) If the PC switch is set to the PLAIN SYNC position, the PLAIN light is illuminated 
again, the PAR signal is changed to a ZERO and the PAR is changed to a ONE and 
both are sent out for control in the KW-7. 

C4J As the PC switch is changed from PLAIN SYNC to the CIPHER position, the PLAIN 
light is turned off and the CIPHER light is illuminated. In addition the PAR and 
Pm signals remain as a ZERO and ONE respectively. 

15) The ACT signal from the KW-7 enters the remote control unit on pin Jl-L, and is 
sent out on pin J2-E to the plain text safety unit (P'I'S). With the KW-7 in the send 
plain normal mode and with keyboard data being entered continuously, the ACT signal 
follows the input baud signal. If keyboard data stops and allows the ACT signal to 
remain at a ONE level, for 10 or more seconds, the plain text safety unit (if one is used) 
will apply a ONE PTS signal into the remote control unit on pin J2-C and out on pin 
Jl-e to inhibit the loop input gate circuit in the KW-7. The plain text safety unit 
must be reset before the keyboard operator can resume sending plain test information. 
The PTS signal routed through the remote control unit normally rests at a ZERO level 
unless keyboard activity stops for 10 or more seconds. The +6 volts DC entering the 
remote control unit on pin Jl-a and leaving on pin J2-B is applied as a bias voltage in 
the plain text safety unit circuits. 

C6) When the remote SEND switch is pressed a ONE level received on pin Jl-Y, transmits 
an SE2 signsl to set the toggle flip-flop in the KW-7, starting the send phasing. Re­
lease of the remote SEND switch transfers a ONE SEl out on pin Jl-E to reset the 
toggle flip-flop. When send mode was initiated a ZERO SELR signal from the KW-7 
was received on pin Jl-J (in the remote control unit) and inverted to a ONE by the 
lamp driver (Al-MDl) to illuminate the SEND light. See figure 4-37 which shows the 
schematic of the remote lamp driver. (Al-MDl). 

C7> When phasing and indicator modes occur in the KW-7 a ZERO P&I L signal is sent to 
the remote control unit on pin Jl-M, inverted by the lamp driver to a ONE which 
illuminates the P&I light. 

!8) A bresk condition can be initiated by depression of the remote BREAK switch which 
transfers a ONE level from pin Jl-B to pin Jl-A and sends out a BRK ONE signal to 
the indicator circuit in the KW-7. This BRK signal resets the indicator counter and 
sets up the generation of BREAK signals which reset the KW-7. The ONE BRK 
signal also resets the KW-7line output register. A BRLR ZERO signal is received in 
the remote control unit during break generation on pin Jl-K, and is inverted by the 
remote lamp driver to a ONE level which illuminates the remote BREAK light. De­
pression of the remote BREAK RESTORE switch sends a ONE BREAK signal out on 
pin Jl-C to the KW-7 to reset the break generating circuit and prepare for normal 
operation. 

(9) If an alarm condition occurs in the KW-7, a ZERO ALLR signal is received in the 
remote control unit on pin Jl-H, inverted by the remote lamp driver to a ONE which 
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illuminates the remote ALARM light. During the KW-7 alarm condition a ONE 
AUDO 2R signal is also received in the remote control unit on pin Jl-N which sounds 
the IS1 AUDIBLE ALARM. 

{10) When the KW-7 is in send normal mode with the 'I'D step switch in the STEP position. 
the remote control unit. will receive a ONE PCL signal, once per clulracter, on pin Jl-b 
to trigger the TD STEPPING RELAY K-1 coil. The -53 volfJI DC on pin J7-E is 
normally jumpered to provide operating voltage for the K-1 coil. The contacfa of 
relay K-1 {wired through tilter FL-7 to pin J7-B and directly to J7-C) impulse a step­
ping magnet in the transmitter-distributor at a character rate. The transmitter-dis­
tributor is connected to the remote control unit by an eight foot cable connected to J7. 
The R-C network across the K1 re1ay contacts and CR2 across the K1 relay coil pro­
vide suppression . 

(11) A teletypewriter keyboard and or transm.itter-distn'butor can be connected to the re­
mote control unit on Loop Input-1 connector J4 a:nd/or Loop Input-2 connector J8 of 
the remote control unit to provide LOIZR data input signa]s. These signa]s :flow 
through :filter FL-4 in the remote control unit and out on pins Jl-U (sigDal) and Jl-8 
(signal ground) through a cable to the KW-7. When only one loop input is used on 
the remote control unit, dummy connector POl is placed on the unused Loop 1 Input 
plug, connecting J3-C to J4-C. Loop output data from the KW-7 enters the remote 
control unit on lines LOON2R (Pin J1-R) and LOOP {Pin Jl-P) and is routed through 
:filter ~ and FL-6 to LOOP OUT 1 and 2 on connectors J5 and J6. The remote 
control unit loop outputs can be connected to one or two page printers or other types of 
teletypewriter receivers. If only one loop output is used, dummy connector PC2 is 
placed on the unused loop output receptacle to jumper pins J5-C to J6-C . 

4406. Two-Wire Loop Adapter Detailed Theory.-'llrls section presents the detailed theory 
for the two-wire loop adapter operation. The discussion includes descriptions of internal data 
paths and the relationship of the two-wire loop adapter to both the KW-7 and the teletype­
writer equipment. 

a. General.-The loop-in circuit of the KW-7 is designed for use with low-level (approximately 
80 microamperes) input signals from the teletypewriter keyboard or TD. The KW-7loop­
out circuit provides either 20 or 60 milliampere output signaJs for the home te1etypewriter 
printer. Because the loop-in and loop-out currents dift'er, four wires are required for con­
necting teletypewriter equipment to the loop circuits of the KW-7. Under special applica­
tions, the teletypewriter equipment is operated at a 20 or 60 milliampere sigDallevel in a 
series loop (providing "home" copy on the page printer) on a two-wire system. To make 
this system compatible with the KW-7, a special device calleci.the two-wire loop adapter 
has been constructed. Also a LOOP ALLOW {LOOP INHIBIT switch has been inserted 
in the KW-7 to inhibit the loop-out signal when the two-wire loop adapter is employed. 
The KW-7loop output is connected by cable to jack J3 of the two-wire loop adapter, and 
the KW-7 loop input is connected to jack J1 of the adapter unit. The series connected 
teletypewriter is connected to jack J2 of the adapter unit. 

b. Two-Wire Loop Adapter 8cherruztic Analysis (k. ~I).-The two-wire loop adapter will be 
discussed first for send operation and then for receive operation. 
(1) During send operation either the remote teletypewriter keyboard or TO will enter 

20/60 milliampere signals on jack J2 of the two-wire loop adapter. Concurrently, the 
series connected remote page printer will copy the message being sent. The input tele­
typewriter signals will :flow through the bridge rectifier composed of diodes CR2, CR3, 
CR4, CR5. In the absence of teletypewriter signals, a steady current of 20 or 60 
milliamperes keeps relay K1 energized and also flows through. the current path on pins 
7 and 6 of electronic relay K2. The 20 or 60 milliampere current will be set by LOOP 
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switch Sl during equipment installation, depending upon the signal current rating of 
the teletypewriter equipment used. Aa the teletypewriter signals pass through the 
bridge rectifier and trigger relay Kl at a baud rate, the Kl contacts connect 80 mira­
ampere teletypewriter signals at jack Jl. These low level signals are routed from the 
loop adapter unit to the KW-7 loop input. The LOOP ALLOW/LOOP INHIBIT 
switch on the KW-7 will be set to the LOOP INHIBIT position to prevent occurrance 
of teletypewriter signals on the KW -7 loop output, which would other-wise be routed 
back to the two-wire loop adapter on jack J3 and cause interference. 

12) During receive operation, the KW-7 will receive 7.0 baud signals on its LINE INPUT, 
and produce 20/60 milliampere signals on the LOOP OUTPUT which are routed to 
jack J3 of the two-wire loop adapter. These high level signals trigger electronic relay 
K2 which in turn produces 20/60 milliampere signals in the K2 relay current path at 
pins K2-6 and 7. These 20/60 milliampere signals pass through the bridge rectifier 
circuit and out on jack J2 to print the received message on the page printer. Although 
relay Kl is also triggered during receive mode, the eft'ect of the 80 microampere signals 
produced is not felt at the loop output since, as was previously indicated, the LOOP 
ALLOW/LOOP INHIBIT switch will be set in the LOOP INHIBIT position while 
the two-wire loop adapter is being utilized. 

4407. Functional Remote Control Unit.-The following paragraphs contain a discussion of 
the functional remote control unit detailed theory. The function of all switches, indicators 
and other internal components is described as well as the control signals which are received or 
generated in the functional remote control unit. 

a. General.-The functional remote control unit can be connected to the KW-7 by a cable 
with a maximum length of 500 feet to provide remote control of the KW-7. In addition 
the functional remote control unit receives control signals from the KW-7. These control 
signals in turn are sent to a remote transmitter-distributor. 

b. Functional Remote Control Unit Schematic Analysis (fig. 4-82).-When the functional re­
mote control unit is connected into the system the KW-7 PCR switch is placed in the 
REMOTE position. In this position the KW-7 PCR switch provides (via a remote cable) 
a remote ground on pins Jl-D and Jl-g -6 volts DC on pins Jl-V and Jl-f, and -53 
volts DC on Jl-c in the functional remote control unit. The presence of ground and -6 
volts illuminates the READY light, indicating that the functional remote control unit is 
operational. 
m With the KW-7 PCR switch in the REMOTE position, the KW-7 SEND switch is 

deactivated and the SEND switch on the functional remote control unit now has 
control. Depression of the remote SEND switch places a ONE on the SE2 line (pin 
Jl-Y) for setting the toggle :flip-flop in the KW-7 to initiate send phasing. Upon re­
lease of the remote SEND switch a ONE is placed on the SEl line (pin Jl-E) of the 
functional remote control unit to reset the toggle :flip-flop in the KW-7. When the 
KW-7 goes into send mode a ZERO SELR signal is received by the functional remote 
control unit on pin Jl-J. This ZERO is inverted by a remote lamp driver (Al-MDl) 
t.o a ONE signal which illuminates the remote SEND lamp. Sea figure 4-37 for the 
schematic of the remote lamp driver. . 

!2l When the KW-7 is in phasing and indicator mode a ZERO P&I L signal isreceived on 
pin Jl-M. This ZERO signal is inverted by the remote lamp driver (Al-MDl) to 
provide a ground (ONE) level which illuminates the remote P&I lamp in the funct~onal 
remote control unit. 

13) If an alarm condition occurs in the KW-7, a ONE AUD02R signal is received in the 
functional remote control unit on pin Jl-N which causes the LSI AUDIBLE ALARM 
to sound. The KW -7 alarm condition also causes the functional remote control unit 
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to receive a ZERO ALLR signal on pin Jl-H. This ZERO signal is inverted by are­
mote lamp driver {Al-MDl) to a ONE signal which illuminates the remote ALARM 
light. 

(4) Providing the KW-7 is in send normal mode and the CONTINUOUS switch is in the 
STEP position, the functional remote control unit will receive a ONE PCL signal, once 
per character on pin Jl-b to impulse the TD STEPPING RELAY (Kl) coll. The 
-53 volts DC on pin J2-E will be jum.pered. to pin J2-D to apply -53 volts DC to 
pin 1 of the K1 relay con. The contacts of relay Kl, which close repetitively, are 
wired to pins J2B and J2C, and through an external cable impulse the stepping magnet 
in the tr8Jl8Dlitter-distn'butor at a character rate. Resistor Rl and condenser Cl in 
series provide arc suppression to protect the Kl relay contacts. System grounds are 
connected to the functional remote control unit on pins Jl-j and J2-A. The FL-1 
filter in the K1 relay contact circuit is provided to eliminate noise. 

(5) The major cillference between the remote control unit and the functional remote con­
trol unit are: 
{a) The functional remote control can operate only in the cipher mode, whereas the 

remote control may operate in the cipher, plain synchronous or plain asynchronous 
modes. 

(b) The functional remote control handles on1y control signals, whereas the remote 
control handles both control signals and data signals. 

4408. Power Supply (fig. 4-83).-The power supp]y furnishee all DC voltages required with­
in the KW-7. These voltages are regulated to remain within :1:1% of their nominal values 
under widely varying input voltage and output load conditions. The supply is designed to 
operate from 115 or 230 VAC, 45 to 440 cps, or from a 21 to 31 VDC source. Output voltages 
are summarized in the following table. 

Output Voltage Maximum Load 

+6V 280 ma 

-6V 2.0 amps 

-18V 37 ma 

-24V 275 ma 

-53V 175 ma 

Major sections of the power supply are the input section, the +6 V source the -6 V source, 
the -24 V source, the -18 V source and the -53 V source. 

a. Input Section.-Tbe input section permits the power supply to operate from any of three 
power sources: 115 VAC, 45 to 440 cps; 230 VAC, 45 to 440 cps; or 21 to 31 VDC. The 
input section is made up of a power transformer. and a DC-to-AC converter. 
(1) Power transformer.-For 115 VAC operation, primaries 1 and 2 of power transformer 

Tl are connected in parallel; for 230 V AC operation, the same windings are connected 
in series. These coDDSCtions are automatically made by setting the 115/230 V switch, 
on the filter assembly, to the desired voltage. 

(2) The DC-to-AC corwerter.-The DC-to-AC converter, comprising Qll, Q12, primary 3 
of T1, and saturating transformer T2. It is used when the KW-7 is to be operated 
from a 21-to-31 VDC source. The DC-to-AC converter is a Jensen oscillator which 
develops a 400 to 500 cps 40 V peak-to-peak square wave across primary 3 of T1. 
The following discussion covers the initial start-up and one cycle of oscillation. Qll 
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and Q12 act in a push-pull arrangement, with the transistors alternately "on" (drawing 
heavy current) and "off" (drawing little current). When DC input power is first 
turned on, a negative voltage is applied via RS9 to the center tap of T2 and to capaci­
tor C19. The negative voltage back-biases diode CR25, which behaves as an open 
circuit, allowing capacitor C19 to begin charging. As C19 charges, the center tap of 
T2 goes negative, applying a forward bias via '1'2, R36 and R38 to the bases of Qll 
and Q12. Since Qll and Q12 can not have identical characteristics, one will turn on 
faster than the other. Assume that Qll turns on :faster. The increasing current 
through Qll induces a voltage in primary 8 of Tl, which in turn induces a voltage in 
secondary 1. Secondary 1 produces a current in the primary of '1'2. This current is 
of such polarity that the induced secondary voltage on terminal 5 of T2 is negative, 
further increasing the base current to Qll and reinforcing the original turn-on current 
supplied through RS9. The above cycle now builds up in a regenerative fashion until 
T2 saturates, causing the Qll base current to level off. The collector current of Qll 
momentarily stabilizes, the B.wr: in the core of Tl becomes a constant and primary 3 of 
Tl no longer induces a voltage in secondary 1 of Tl. With current no longer avail­
able in the primary of T2, the B.ux in T2 collapses, causing the base voltage of Qll to 
become positive with respect to the emitter and the base voltage of Q12 to become 
negative with respect to the emitter. The collector current in Qll decreases and the 
collector current in Ql2 increases until T2 again saturates. As soon as T2 satw"ates, 
the Q12 collector current momentarily stabilizes, the current in the primary of T2 
begins to decrease, and the entire sequence reverses. Thls alternate conduction, first 
of one transistor and then the other, continues as long as DC input power is available. 
After the initial start-up, diode CR25 becomes forward biased by the base currents of 
Qll and Q12, thereby furnishing a low-impedance DC path from terminal4 of T2 to 
the common emitter circuit. Resistor R37 limits the current through CR25 to a safe 
value. Diode CR35 protects the converter in case the DC source is accidentally 
connected incorrectly by blowing the fuse in the source output line. CR26 and CR27 
are Zener diodes which protect Qll and Q12 by limiting switching transients to 68 
volts. Further transient protection is provided by the switching buffer network R40 
and C20. Relay Kl insures that the DC/AC converter is deactivated when the power 
supply is operated from an AC source. The coil of the relay is connected across the 
DC input 1;el"Ininals. With no DC input voltage the relay is deenergized and the con­
verter circuit is isolated from Tl. 

b. +6-V Source.--The +6·V source operates from secondaries 2 and 3 of Tl. Secondary 2, 
CRl, CR2, and Cl provide a positive bias via RS to the base of Q4 and emitter of Q2. 
Diodes CRB and CR4 are connected across secondary 8 in a full-wave rectifier arrangement, 
furnishing approximately 10 volts across filter capacitors C2 and ca. Series regulator Q4 
is connected between the recti1ier output and the load. Load voltage is maintained at a 
constant +6 volts by automatically varying the collector-to-emitter resistance of Q4 in 
inverse proportion to load requirements: that is, if the load increases, the resistance of 
Q4 decreases, and if the load decreases the resistance of Q4 increases. The resistance of 
Q4 is varied in the following manner: Resistor R5 maintains a bias current for Zener diode 
CR5, and CR5 in turn furnishes a constant reference voltage of +4.8 V to the base 
of amplifier QS. The emitter of Q3 is connected to a voltage divider (R6, R7, RS, RlO) 
which is in parallel with the load. Assume that the load voltage begins to drop because of 
an increase in load current. This drop in load voltage is applied through the voltage di­
vider to the emitter of QS, making the emitter less positive with respect to the base. The 
Q3 collector current increases, causing the collector voltage of Q3 and the base voltage of 
emitter follower Q2 to become less positive. Q2. draws more base current and supplies 
more base current to Q4. Q4 conducts more heavily and its collector-to-emitter resistance 
drops, pulling the output voltage back up to 6 volts. The output voltage is set to exactly 
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6 volts by adjusting variable resistor R7, which sets the quiescent operating point of Q3. 
Sensistor RTl is a positive-temperature-coefticient resistor which compensates for changes 
in transistor characteristics caused by temperature variations within the KW-7. Rl and 
C4 comprise a stabilizing network which reduces parasitic oscillations. 

c. -6 V Soun:e.-'l'he -6 V source operates from secondary 5 of Tl. CR8, CR9, CRlO 
and CRll are connected in a full-wave bridge arrangement which furnishes approximately 
10 VDC across filter capacitor C7. Series regulator Ql is connected between ground and 
the positive output of the rectifier. The -6 V output is taken directly from the negative 
output of the rectifier. Operation of the -6 V regulator is the same as operation of the 
+6 V regulator, the only important difference being an extra emitter follower between 
amplifier Q7 and series regulator Ql. This emitter follower is necessary because the greater 
load current, 2 amperes maximum, requires that more base current be supplied to Ql . 

d. -24 V Source.-The -24 V source operates from secondary 7 of Tl. Diodes CR15, CR16, 
CR17, and CR18 are connected in a full-wave bridge arrangement which furnishes approx­
imately 40 VDC across filter capacitors Cl2, Cl3, and C14. Operation of the -24 V 
regulator is the same as that of the +6 V regulator, the only significant dift'erence being 
the addition of an extra resistor (R33) in the voltage divider network. The resistance of 
R33 is such that the voltage drop across the rest of the divider is the same as the drop 
across the +6 V regulator, thus allowing the same basic regulator circuit to be used in both 
the +6 V regulator and the -24 V regulator. Cl6 is a stablizing capacitor which prevents 
the voltage at the junction of R32 and R33 from changing during heavy load transients. 

e. -18 V Source.-Tbe -18 V source (CR22, CR23, CR21, CR20, R34, and R35) operates 
from the -24 V source. Terminal! of R34 is held at -15.9 volts by the sum of the drops 
across Zener diodes CR21 and CR23. Terminal 3 of R34 is held at -18.8 volts by the 
sum of the drops across CR21 and CR22. R34 is adjusted so that the output voltage 
(terminal 2) is exactly -18 volts. The voltage drop across diode CR20 decreases with 
increasing temperature, balancing out changes in the characteristics of CR21, CR22, and 
CR23 caused by temperature variations. 

f. -63 V Source.-Tbe -53 V source operates from secondary 9 of Tl. Diodes CRSO, CR31, 
CR32, and CR33 are connected in a full-wave bridge arrangement which furnishes approx­
imately 70 volts across filter capacitor C22. Operation of the -53 V regulator is the same 
as that of the -6 V regulator, the only significant difference being the addition of two 
resistors, R21 and R31, to the voltage divider. These resistors are chosen so that the 
drop across the remainder of the voltage divider is 6 volts, thus allowing the same basic 
regulator circuit to be used both for the -6 V regulator and the -53 V regulator. Ca­
pacitors C25 and C26 stabilize the voltage at the junction of R9 and R21 during heavy load 
transients . 
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