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For photographs of Converter M-134, see Tabs A, B, C, D, E, F., Since
Converter M-13, and Converter M-134-A are almost identical, the
detailed description of both converters is provided only with the
photographs of Converter M-134-A, For detailed description appli-
gabé.e to both converters, see Tabs G, H, I, J, K, L, ¥, K, C, P, Q,

7] .

A. General
Converter M-134 is an electromechanical machine by means of which
messages may be enciphered up to speeds of about 40 words per minute.
Reference io the photographs appearing in Volume 1, Tab Q and Volume 2,
Tab 4, éhow that there are only two significant differences between the
| final production model, Converter M=134 (Vol. 2, Tab A) and the final
o~ experimental model, Converter M-134~T2 (Vol. 1, Tab Q). The main dif-
| forences between the final production model and the final experimental
model are (1) the way in which the typewriter and erypbograph are
assembled and (2) the elimination on the final production model of the
 bank of 26 letter lamps. In the final production model, the two parts
(cryﬁ:tograph_and typewriter) are assembled éme by side and permanently
, attached to the base of the case designed to hold them; a copy holder,
located between the two machines, is attached to the base of this case.
In accordance with the satisfachofy results of the service test
conducted in Hovember 1936 (see Chapter V, Section D), Converter M-13L;~T2
was recommended for adoption as standard.l From this time on the

I, Sec Section B WAdoption asﬁé(tamardjﬁ, page .
| 1

Liigie
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experimental designation, T2, was dropped, and the converter became

known as Converter M-134., During 1937,-bids for the bullding of a’
limited number of Converters ¥-134 was received® and an order for
twelve éonverters was placed with Wallace and Tiernan Products,'lnc.l
These twelve converters were delivered to the Office of the Chief

i

Signal'Officef in August 1938, Minor changes, recamménded as a
result of experience with these twelve models, were incorporated into
the 57 additicnal models procured. The 57 new models, with changes
incorporated, became kriown as Converters M-134-A (see Ghépter ViI).

For an explanation of the cryptographic functioning of Converter
M~134, see Chapter V, Section B, The section referred to describes
the eryptographic functioning of Converter M-134-T2, which is crypto-
graphically identical to Converter M-134. '

For keying instruetions, long and short titles, and classification
of the machine, see Chapter VII, Section C. The section referred to is

app},i_qé};},g hoth t.e Converter M-134 and ¥=134~A. The minor differences

' beiwsen the two types are cxplained.

b

1. See Section C "Procurement', pages  thru .
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B. Adoption as Standard
On l; Januany‘l937, the Signal Corps Technical Gomm%gtgiétass‘two
important actions on Converter M-134 at its Meeting No. l46. The

military characteristice® of the converter were approved and, acting

upon the recommendation of the Chief Signal Officer, "the Committee
récqmmandad the adoption as to type and classificetion as standard of
Converter type M-134". Disregarding this recomendation of the Sisnal
Corps Technical Cormittee, on Converter M~134 was instead .
classified by The Adjuﬁant General as a development Qype,z limited pro-

curemsnt t.ype.2

1. In the Supplemental Hinutes of Signal Gorps lechnical Gommittee
Meeting No, 146, 1l Jan 1937, the military characteristics are listed
as follows:

(a) This machine should be designed for the fundamental purpose of
encipherings and deciphering messages with speed, accuracy, and the
highest degree of cryptographic security. Secondary to these character-
istics, there should be a minimum number of switches, keying elements,
etc., which must be set before proper operation can begin.

. (b)) The eryptographic operations should be controlled by an external
element which is variable and is not an intrinsic part of the mechanism
itself, such as a perforated tape similar to that employed in printing
telegraph apparatus. The underlying eryptographic principle should be
that of a continuous, non-repeating, unintelligible or random-mixed
key sequence of characters governing the enciphement of successive
letters, , :

(¢) The machine should consist of two units. (1) A cryptographic
unit hereinafter called the "eryptograph", provided with a standard
typevriter keyboard, and (2) a recording unit suitable for making a
printed record of the woric done by the machins, preferably an elsctri-
cally operated typewriter, hereinafter called the "typewriter”. Tae
cryptocraph is the part of the mechanism in which the encipherinp and
deciphering operations occur; the typewriter is electrically associated
with the cryptograph and is to print the cipher text, in case of
encipherment, in 5~-letter groups, 10 groups per line; in the case of

_decipherment, the typewriter is to print the plain text, preferably in
their original word lengths with proper spacing between words.

(d) The minimun speed of operation should be 30 words per minute,

(e) The cryptograph and the typewriter should be mounted upon the

For continuation of footnotes see following page.
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On 1 Harch 1937, 0GSig0 notified Signal Corps laberatories of the

two actions of SCTC and directed them to procure, in accordance with

Act of May 15, 193 (Public No, 59&,7Ath Congress), as many machines as
the limitation of funds permitted, "but not less than eight in any case".

2.

Continuation of footnote 1 and footnote 2 from precedinz page.

same base with fixed slectrical connection between the two units. A
side-by-side arrangement of these two units is preferable to a tandem
arrangenent, 50 What the keyboard of the eryptograph as well as the
keyboard of the typewriter are both immedistely in front of the operator.

(£) The apparatus should be designed to operate on ll0-volt, 0.C.,
power source.

(g) The weight of the eoryptograph including its carrying case ahould
aot exceed 50 pounds; tnat of the typewriter including its carrying
case 60 pounds. Hota units should be rugged in construction and capable
of withstanding jarring incident to transportation. '

{h) The entire assembly should be so constructed that in case the
typewriter is out of commission for any reason, cryptographic operations
may be continued by means of electric lizut-bulb indicators on a lamp
voard on the cryptocraph. (See note below.)

\i) Tuere zust be incorporated features to suppress interference
with radio receivers operated in the vicinity of the machine,

Note: The military characteristics, as here quoted, were later
anmended to omit par. la{1){(h). (See par. (h) above).

Hequired types. ~ Required types comprise articles of equipment for
which thero are existing or expected needs and for which military
characteristics have been approved,.. Development types are required
types of equipment bein; developed tb meet approved military character-
istics as follows: _ _
(a) Bxperimental types...
(b) Service test toprStuo
(¢) Limited procurement types comprise articles of equipment which
have passed service tests favorably but are not ready for
classification as an adopted type and wiich before such classi-
fication should be subjected to an extended service test, The
approval as to limited procurement type signifies that tiae iten
is probably suited for service use but reguires refinemcnt in
design or further use of hands of troops to determine definitely
its suitability. From AR 850-~25, 30 June 1943, Page 8.
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Tho original propoaal for tae budgetoz? year 1937 included |
$19,500 for the purchase of Converters ¥~l34. However, this allotment
was not iholuded in the 1937 Expenditure Program of the Sup;h.y Division

as finally appmved.l Therefore, diacussicné, which began in December

11936 and continued intermittently during the first two months of 1937,

concerned both how the $19,500 of the original budget allot,mht could
be mdéemed for mibial pi‘ocumment and vﬁo should construct the con-
varﬁers. The first problem was solved by transferring $19,500 from
the Office Reserve.? |

‘i'hé gecond probleni of who should const.ﬁm‘t the éonverters wé.s solved
only after u bit of disagreement. It seems that the letting of secret
contracts to a éomercial manufacturer was a new concept, allowable under
the provisions voi‘ "Act of May 15 1936 (Public No. 5%, 7ith Cong%ess"a
and not everyone concerned with the matter was sati‘sfied that the new
gecret converter vould be safe with a commercial concern. Much discussion
ensued concerning the existence of _spia., comemial plants. However,

Heseareh and Development Divicion of the Office of the Chlef Signal Officer,
recommended to the Executive Office that the converter could be best

- T, Memorandum, Action &, rromi Fiscal; ’fm N 0., 2/25/3% Folder 3,
© .13l Mel34~A, Progurement (thru 1940), CSGAS-80.
2. Memorandum, Action 9, From: Fiscal;. To: Ex. 0., 2/26/37. Folder 3,
' Mg-134, H=-134~A, Procurement (thru 1940}, CSGAS-80.
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manufactured by a commercial concern.t Therefore, the decision of .t.he
Chief Signal Officer, concurred in by a G-2 répresenbative s Was "to
negotiate a secret contract with one p&rty s the contract to include
the wiring of the wheel&“.z

On 27 May 1937, Signal Corps Lab;:rato__z‘ies reported to 0CS1g0 that
a bid had been received from Fallace and Tiernan Products, Inc., Belle-
ville, N, J. to ménufactum Converters M~134 in lots 6f & ¢ $2,310 each,
total $18,480; in lots of 10 @ $2,200, total $22,000; 12 @ $2,135, total
$25,620. The answor from 0CSig0 directed that a contract with Wallace
and Tiernan, Inc, be let for 8 converters and that it ,ahoum provide for
an increase in quantity in case further funds became availé}ole during
F. Y. 1938.3

1. Hemorandum, Fromt: R&D Division, 103 Ex, O.; 2/2/31. Folder 3,
eel3h, M-l34-A, Procurement . §t‘nru 1940), CSGAS-80.
2. +++3. This Division does not appreciate the objections
) ralsed to placing the entire machine with one manufacturer.
5CL has recently placed one order for secret apparatus and
is in process of placing another with raputable commercial
concerns under the provisions of "Act of May 15, 1536
(Public No, 594, 74th Congress)". The provisions of this
act apply equally to commercial manufacturers and to govern-
mental agencies, and it is the opinion of this Division that
the M~-134 would be as well safeguarded by a reputable com- .
mercial concern as it would be by any of the agencies listed
in basic letter, This Division, therefore, recommends that
tae entire procurement be made from one agency, preférably a
reputable cozmercial concern. ‘
2. Memorandum, Action 7, “"Decision of the CSig0 and concurred in by G-2
representative”, 2/3/37. Filed in Folder 3, "M-134, N~134-a, Pro-
curenent (thru 1940), CSGAS-S0. v

3. TIst Ind, 5 From: WD 0C51g0, To: SC Labs, 28 lay 1947. Folder 3,
"i-134, ¥~134=-3, Procurement (thru 1940), CSGAS-80.
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" tional four being decided upon at the last moment in order to effect a
saving of 7.6%. The procurement of the additional four machines de-
creased the unit cost to $2,135 (as opposed to a unit cost of §2,310

when ordering 8) and made a grand total for the 12 of @25,620,2 The |
$7,140 recuired for the sdditional four machines was forwarded to

- Signal Corps Laboratories under Procurement Authority SC 8412 P5-3059

A 0605;8.3 The contract number for these 12 converters was W 1077-SC-
LL3, Ordﬁrlﬁn. SCL 37-1082, date . ' The goatract was fulfilled

in August 1938 when the 12 converters were shipped to the Officer in
Gharge of Signal Intelligence Service, Office of the Chief Signal Officer.‘

These 12 converters proved satisfactory but experience with them showed

1. Hemorendum, Rx, O. bo Fiscal, Action 8, VApproved purchese 12
machines".  Folder 3, "M~134, M~134-A, Procurement (thru 1940),
C5GAS=-E0, '

2. The memorandum which discusses increasing the order to 12 converters
states in Action 3 (Supply to R&D, 8/12/37) that the “approved
procurement program for P-5 ineludes $5,000 for the procurement of
2 B-134's. This sum can be made available..," and states in Action 7

(Fiseal Div. to Ex. 0., undated) tuat "the Fiscal Division can make
availeble the additional $2.140 reguired in addition to the amount
sob up in the Supply Division Program.” Memorandum, op. cit.

3. Memorandum, Action 9, Fiseal Div. to R&D thru Supply & WP&T, 8/14/37.
Folder 3, op. cit. ,

4. Shippins Ticket, Oonsignert S.P.0., Signal Corps Laboratories; To:
Officer in Charge, Signal Intelligence Service, Office of the Chief
Signal Officer; Authority: Le OCSig0d 413.52 (7-2-38). Evidently
the 12 converters were retransported by SC Labs to Signal Intelligence
Service from the manufacturer.
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the dsairability of minor changes in any new models procured, The

ineorporation of these minor changes into the next and all additional
models procured resulted in the new desipnation for them: Converter
m—lBA-A; (Por a discuasion-of Phe differences between Converters M-l3l4
and M~134-A, see page . For a diacﬁssion of the reason for the dif-

- ferences, see page .

1. Tetter, Subjest: Gonverter H-13i, 10! Director, Sigal Corps Labor-
atories; From: Louls B, Bender, Lt. Col., Signal Corps, By order of
the Chief Signal Officer, 19 Sept 1938.

«es2+. The following changes, waich have been found desirable as
a result of experience with the twelve converters purenassd last year,
should be included in the new converters:

a. The sheels of the five plugs connecting to jack strip should
be engraved with the numbers 1,2,3,4, and 5 respectively. It is also
desired that sixty extra plug shells sultably engraved be furnished
this office for installation in the old converters.

b. Tae connectors to the plugs should be approximately hwo inches
longer and made of nmore flexible wire.

' ¢. Dispense with the apertures in the lid which covers the rotor

asgembly of the cryptograph and cut a large rectangular opening in

the lid so that the entire rotor assembly including the stators will
- be exposed o view.

" d. The numbers engraved on rotors 6 and 9 should be differentiated

to preclude the poasibility of misreading. It is suggested that Roman

numerals might be engraved on these two rotors above the Arabic

numerals.

e, The copy holder should be removed entirely from the base of the
machine and made a separate item. It should also be made tiltable in
order tnat the operator may tilt the copy holder to suit his convenience.

£, Tae right and left margin stops on the typewriter should be pro-
vided with set screws with hexagonal heads and hexagonal locknuis to
prevent atops from working loose.

g. 7The margin release “should be rendered inoperative. 1t is
suggested that this could be done by inserting a washer between the
typewriter frame and the removable margin release button. It is
deaired that twelve washers be furnished this office for installation
on the old machines.

h. The top cover plate of the tape transmitter, waich is now
black, should be made approximately the same color as the unfinished
metal of the rest of the tranamitter top.

For continuation of footnote see following page.
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Continuation of footnote 1 from preeedixag page.

~ 3. Tae following changes are also desirable and should be
made if it can be done without necessitating any appreciable delay
or involviny any major changes in design. This matter is left to
the discretion of your Laboratories.

a. The warnin:; bell on the typewriter is not loud enough to
insure that the operator will hear it at all times, If it cannot
be made louder, it is suggested that # might be advisable to con-
vert the present pilot lamp on the oryptograph into & warning signal
for the operator. There seems to be no necessity for the neon glow
lamp to indicate that the motor is running.

b. It 48 rather difficult to remove and peplace the lid of Case
£8-54 without exerting too much pressure. It would seem advigable
to modify the case to “nake the removal of the lid less difficult.

¢, The IBM typewriter is usually equipped with a stroke counter.
This would be useful addition to the M¥~134, inasmuch as it would
enable 3 ¢heck to be made of the number of keys struciz on the
eryptogravh and the number of operations of the typewriter. It would
be especially useful in deciphering,

- 1st Ind., WD, 0CSig0, Wash. Nov, 17, 1938. To: Director of SC Laba.

The followinz instructions are given in reply to basic letter:

a, Your praposal for the purchase of 10 converters ﬁ-—l}b is approved

.. exceph:

(1) o stroke counters are desired.

{2) As many of the mecdifications listed in attached letter dated
Hov. 14, 1932 from Wallace and Tiernan as you consider
practicable siaould be included.

b, The cost of the electrical registers mentioned in par. 2 and of
the extra 60 engraved plug shells in considered excessive. They
should not be purchased.

¢. Twenty-twe copy holders, Rite-Line with 10" eye -uide are
desired. They should, however, be purchased on a non-gsecret basis.

d. The removal of the copy holder from the machine will eliminate the
trouble mentiocned in paragraph 3b of our letter of Sept. 19, 1938.
The trouble mentioned, therefore, should be disregarded.

By order of the Chief Signal Lfficer:

H. P, Browning,
Hajor, Siznal Corps.
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oaama' VII. CONVERTER M-13%4~A

For photo zraphs and detallad dascription, see Tabs C, H, 1, J, K, L,
, 0, O, P, Q, R, 8.

A. General

Converter M-134~A is o modification of Converter ¥~134. After the
delivery by the manufacturer in August 1938 of the first twelve Con-
verters M=~134, experience with these converters suggested minor improve-
menta® which were incorporated into all suacoeding models. The more
obvious of these improvements ﬁare (1) addition of the rotor-releage

lever, (2) addition of a slow-operate relay,3 {3) the cutting of a well

" in the 14d' just above the rotors,* and (4) the removal of the copy holder

from the base of the ease for issua as a separate itam. All models after
the first iz contained these ahanges and wore designated as Converters

M~13/~A, Between December 1938 and May 1942, 57 Converters M~13~A were
procured accerding'to the scheéule §ut1ined in Section B, “Precurement".'

1. For 1ist of the chanses suggested in Letbter, oubjecti coaverter M-13h,
To: Director, Signal Corps Laboratories, Signeds Louis B. Bender,

Lt. Col., 5.C.; by Order of the Chief Signal Officer, 19. Sept. 19323,
gee footnote ., page .

2, Rotor-release 1ever. (Compare photograph of Converter M-134, Tab A
with photograph of Converter M-134-4, Tab G.) Tais lever, included
only on Cryptograph 164~A is mounted on the left of the rotor assembly,
in front of the plug and jack strip. By pulling forward on this lever
the rotors are disengaged from all pawls and are free to be turned in

~ either direction. Hotors of Converter M-13j can be turned only
toward the front,

3. Slow-operate relay, -~ The function of this relay is to hold the rotor
stepping solenoids energized for a sufficient length of time to
insure counplete pluger travel and subseguently to clear the eircuit

: to the normal open state.

ke Viell cut in 1id just above rotors., Compare Tabs A and G, This well
in conjunction with the rotor-release lever permits insertion and
removal of rotors without removing the lid.

10
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B. Procurement
The second procurement of Converters M-134, with the changes

which made them Converters M-13i-A (see page for differences) ,. was
of 10 converters obtainable with $25 ,0001 allotted to Signal Corps
Laboratories for the purpose. The actual cost of the 10 machines was
$23,850.00,2 They were ob’tained on Contract W 1077-5C-317, Order
SCL 39-771, 13 Dec., 1938, with Wallace and Tiernan Products, Ine, This
order for 10 converters was completed 1 April 1940,
In 1939, 12 more Converters M-134-A were ordersd from Vallace and

Tiernan, Inc, @ $2,385.00 each, total #28,620 In procurement of Con-
vex-ters 4-134 and M»l%—& the aaaaciated equimmt or spare parts was
almost as big an item as the converters themselves. The original allot.--
ment to SC labs for the 1939 procurement of 12 converters was 848, 300,00,

only $28,620 of which was used for converters. The remainder was all

i, letter, Subject: Converter M~l3,, 103 Director, Signal Gorps Labora-
tories' From: I-Qﬂiﬁ Bt Bender, Ltt Gﬂlg’ S.G., 19 S@ptn 1938-
"Funds in the amount of $25,000 are being allotted to your Laboratories
for the procurement of ten (10) Converters M-13) and spare parts,®

2, Memorandum, Action 1, Tos Supply Division, R&D Division, Signed:
8,B.A, 13 Sept 1939, “,..Contract W 1077<5C~317...calls for 10
macshinea at a total cost of §23,850,00...," Folder 3, M~-134, M-134-4,

 Propurement (thru 1940), CSGAS-80.
3. mo, Subject: Shipment of Converters M-1l34; To. Director, SC Lab~
oratories, From Louis B, Bender, Col. S,C., By order of the CSO,

13 Oct. 1939, "...Contract Ho, W 1077-30~317, file SCL 39~771,
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CONTRACT DATA
Converter M-13L; M-134~A

(over)

#The contract information given in the chart
can be completed only by discovering the con-
tracts. The total cost of the emverters -
proper are not the same as the total cost of
the contract because many contracts comtain
orders for rotors and other parts which cost as
much as the converters themselves. (See
footnote , page ) Therefore, to list the
"cost of the converters, which are the only
numbers given in the ¥-134 folders, is to

present a distorted picture. '
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CONVERTER M~134; M~13)~A

#Sea footnote on reverse

Procurement® (See text alsa) side of this page.
— T " Completed: Ser. Nos.
"1st Purchase 12 Vallace & Tiernan Contract W 1077-SC-243 2 Aug 1938 1-12
M-134 Products, Inc. Order SCL 37-1082
20d Purchase 10 . Wallace & Tiernan Contract W 1077-SC-317 1 Apr 1940 13 - 22
B-1 344 Products, Ine. Order SCL 39-171
Co 13 Dec 1938
3rd Purchase 12 Waila.ce & Tiernan Contract W-1077-8C~355 15-23 Oct 23 ~ 3 |
e Me134mA Order 706-SCL-L0 "19540 S

C _‘”l"'u-*r::
- “ ;:;

S lefvh Purchase
- LALTE M‘l%‘A

5th Purchasé

B-131~A

6th Purchase
 M-13l-A

10

8

Products, Iac,

‘Wallace & Tiernan

Pmdncw > Iﬂco

Wallace & Tiernan

. Products, Inc.

¥allace & Tiernan

Products, Inec.

1 Fov 39

Contract W-1077-SC-443

Order 799-SCL~41

The last 12 converters built under
this contract were modified according
to ciange to Contract W 1077-SC-L43,
3 Oct 1940. Of the 12 modified con-
verters, the first 4 were differently
wired: the connections to the left
and right stators were changed and .
L sets of secret and confidential
rotors were differently wired. The
wiring in the 4 converters aad 4
rotor sets were changed for specml
State Dept. use.

Contract W-1077-SC~-1474
Order 13321-SCl~42
25 May 1942

Contract W 2281-SC~126
Opder 1224~8SCGDL~43 '
18 July 1943

51 - 60

61 - 68

)
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spent for apare parts.l The SC Labs were directed on 16 Sépt.‘. 1939
by 0CSigz0 to procure these 12 converters from Wallace and Tiernan
Products, Ine.z The contract for these 12 converters was Contract No,
W 1077-8C-1355, Order 706-~SCL~40, 1 Rov. 1939. They were delivered
12-23 Ostober 1940, |

I 2nd Tnd., WD, OCS1g0; Toi Director, SC Labs, 17 Oct, 1939¢
1. It is desired that the following equipment be procured from
Wallace & Tiernan Producbs by Inc. s Belleville, H,J. by secret contracht:

Quantity Item S Total Cost
12 Converters M-134 & $2,385.00 ea, ‘
1 Sets of Tools ‘ - @ 16,00 ea. 321;.00
10 = Slow pull-up relay with .

B microad justment e 7.50 ea. - 75.00
1, Sets of 3 fuses. : e b5 ea. : 6,30
1 Sets of keyboard contact '
aprings @ 2,70 ea. ) 37.80
2 Sets of 3 insulated mov- N )
able key contacts . e 1465 ea. 39!66
24 CGreen top micro switch _
with spring plunger e 1.35 ea. 32,40
2L 50-ohm suppressor resistor € © «35 ea. 840
2k 0.5 mfd. suppressor '
condenser @ +80 ea, 19,20
2L 1 mfd. oil~filled supres-
sor condenser @ 1,10 ea. 26440
10 = HModified tape tranamitter @& 139.75 ea. 1,397.50
2y ° . 'Iyps bar solenoid with- ' :
" 7E7 out plunger e 11.40 es, 273.60
- 10 End stator complete with- o
out engraving(a) @ 61.25 ea. 612,50
10 Intermediate stator, - '
' complete (a) @ 51,10 ea, 511.00
10 Lot of 50 stator
springs (b) | @ 3,00 ea. 30,00
10 Lot of 50 gold-plated 4
. bronze stator contact
balls (b) <] 5:00 ea, 50,00
6 Set of stator assembly
clamps (c) @ 24,70 ea. 148.20

For cmtinnation of footuotes see follmhg page.
13 |
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Continuation of footnotes from preceding page.

tit, Item _ . Total Cost
/N Set of 8 spring contacts '
for tape transmitter - _
connecting block : 2 48,00
Electromatic typewriter, :
complete as modified
for Converter M-134
Cryptograph frame, includ-
ing keyboard contacts,
reversing switch less
tape transmitter and :
rotor stepping mechanism 1,000.00 a2,
Rotors completely assembled
but with wires soldered
only to one side (as per
Wallace and Tiernan guota-
- tion of Sept 22, 1939 & 49430 ea. 9,860.00

2, It is also desired that 12 Rectifiers RA-23 for 60 cycle
operation, complete, and 60 spare Tubes EL-6C be purchased,

'3, Funds in the amount of $48,300.,00 are being furnished
your laboratories for this purpose. Since the cost of some of
these items are only estimated, this amount may not be sufficient,
If not, adjustment will be made upon notification of the additional
amount required.

Letter, Subject: Purchase of Converter M-134; To: Director, SO
laboratories, 16 Sepb 1939. Procurement Folder.
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Two more contracts for Converters M-i3i-A were let to Wallace and
Tiernan Produets, Inc,: Gontract No, W 1077-SG-147% (Order No. 13321-SCL~
42) dated 25 Hay 1942 for 10 converters and Contract No, W 2281-50-126
(Order No. 1224~SCGDL~43) dated 18 July 1942 for 8 converters. '

The contracts here di.scuéaod account for o total order of ‘12 Con~-

verters M-134 and 56 Converters M-13.-A, makinz a grand total of 68,1

Ce Bosnﬁgticn‘ |

~ For detailed description, see Tabs G, H, I, J, K, L, i, N, o, P, Q, R, S,
When Converter H-13L was issued, official long and short titles

were agsaigned to the various main parts of the machine for nore efficlent

accounting purposes and i‘;o better distim;uish between the SEQGRET and

unclassified parts. The Ganvart.er k«»l;% comprises two main omnponents s

namely, Cryptograph mc-—mz.:” {see Tab A) and Typewriter uc-r/zf‘ (see Tab A).

Wnen the second order for the machines was placed with the monufacturer

and f;ﬁnor‘ changes were incorporated (see pagé ), the distinguishing

| title, Converter E‘I—-l}h-—z&s was asaigned to the whole assembly and the

1. Mr, Conderls ﬁstribution flgures give the total as 57 Gonverters
M-134~A and thercfore a grand total of 69, instead of 68, converters.

2, HNomenclature, Converter M«134, assigned by Nomenclature Sect:wn,
0CSigl,on 28 Hov 1932,

3, Nomenelature, Oryptograph HC~164, aaaignad by Hemenclature Sacticn,

-~ 00Sig0, on 17 April 1937.

ke MNomenclature, Typswriter MC-174, assigned by klomenelature Seetion,

- 00S84ig0, on 17 April 1937.

-5, Nomenclature, Converter M-l3iwAi, asaignad. by liomenclature Secbion,

0CsigL, on 8 Hov 1939, ,

15




titles, Cryptograph MC-164-AY and MC~174-42 were assigned to the two

chief compeonents,

_DIMERSIONS OF GORVER‘EB Me13l3 Me134-A

Yidth
4a. In operation,
Cryptograph MC-1643 TR L
b. In operation, Electric
Typewriter MC-174; 1750
¢. FPacked in carrying

case! 37t

Weight

a. In operation, Cryptograph LC-164¢

Dﬁe £ 93:2!!

' 16“ _ u}'n
16n 9 3/4°

a3 1sm

35 lbs,

b. In operation, Electric Typewriter HC-174: 43 lbs,

c. Packed in carrying caset 160 lbs.

Cubic

. @ cements

"~ Hounted on
One Base

7ol

74!

Three other long titles were agsigned to parts of the Converter

M-134; M-l34~A., These were Copyholder MC-184 (later MC-184~A), Tape

Transmitter MC~185 (later UC-185-A) and Case CS 54° (later GS 54-A).*

In addition to the a2bove named long titles, the following short

titles were assigxxed to the various items pertaining to Converter M-134:

i, mmnenclature, Cryotograph Bc-l&-.& assigned by Nomenclature Section y

0031g0, on 9 Rov 1939.

2. Homenclature, Typewriter MC-174-A, assigned by Homenclature Seetion,

0038120, on 8 NHov. 1939,

3. iomenclature, C3S~54, assigned by Homenclature Seebien s 008ig0, on

17 April 1937.

4. HHomenclature, CS-54~A, assigned Ly Ifiomenclamre Section, 005ig0, on

9 Nov. 1939.

16
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i i (IR
Gonvarter 4-13, (less cryptograph Hc~16b and ﬁoters 8G=1h) ... .. .SIGTUK
Cryptograph MC-164 (exclusive of rotors)eeecsecesscsss sosanes s SIGTIP

Rotors 3G~14 (individusl retors indicated by arabic
nﬂm&r&l after Bhﬁrt tiblﬁ)coobcbﬂionto:cnpq-tpit&otiogoitlcn§¢SIGmER ,

Rotors SG-15 (individual rotors indicated by arabic -
numaﬁal after Shart title)!.’.‘yu.ﬁ‘QttQlﬁ'ﬁ(i‘ﬁ“f.'!Qi"}'ﬁlSIGL:G

Set of key tapes (individual tapes to be indicated by
arabic numerals after short tlﬁle)................“o..n.u..SImP

While the converter assembly less cryptozraph and rotors {SIGTUR)

is SECRET because the assembly as a vhole gives an indicaiiaa of the
functioning of the converter, the individual units such as the Typewriter
MC-174, Copyholder MC-18)4, Tape transmitter MC-185, and Case (S-54 are
wiclassified when removed from the converter assembly.

 The functions of the two main components, Cryptograph UC-164 and
Typewriter 1C-174, are as gollawsi Vhen the cryptograph has been properly
prepared according to keying instructions and the encipher~deeiphe£ swihéh
has been placed in the ENCIPHER position, striking the keys of the key—_
board of Cryptograph MC-164 in accordance gith the individual characters
of the plain~text message results in the production by Typewriter MC~174
of s printed, unintelligible cryptogram spaced in.ﬁ-lether groups, Gon-
versely, by setting the apparatus to the same key used in enciphering
and placing the encipher-decipher switch in the DECIPHER position, this
eryptogram may be deciphered by striking the keys on the keyboard of the
Cryptograph KC-164 in accordance with the individual printed characters

of the cryptogram, whereupon the typewriter prints the original plain-

taxt message in nommal word lengths.
17
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plain-taxt parts of messages, such as addresses and signatures, message
reference nuinbera., ‘dated, indicators, etc. For this operation the
encipher~decipher switch is placed at DECIPHER. In order to transmit
to its das*zinat.ion the cryptogram produced by Converter =134, 4t is
necessary to employ one of the conventional means of commmication
such as wire or radio. |

- The features of encipherment which provide cryptographic security
are described in the chapter on Converter U-134~72 (Chapter V, Section B),

According to the first operating instructions issued, Converter

1~13l was provided v{ith 10 rotors (SIGTER rotors). This nunber of rotors
issued prevailed until April 191;0 when the new ;‘;nstiuctions provided
bhé.t the number of rotors issued would bé'is. Five of the 15 rotors pro-
vided were red-colored and 10 gray~¢olored, The new red-colored rotors,
consisting of the set of 5, bore the a’dert titles SICGLIG, The two types,
red (SIGLIG) and gray (SIGTER) wers issued in order to provide different’
rotors for Secret and for Confidential messages. The five red Si(if..IG
rotors were used for Confidential messages only. The ten gray SIGTER
rotors were used for Secret messages only. ‘I‘his method of using two
sets of rotors prevailed for about a year. In Hareh 1942, new keying |
,inatmct.ibna were published. which provided that 15 rotors would be iasued
with. eac'ﬁ maohine but that these 15 rotors would constitute one 'sét.
The old red and gray rotors were still used but the old distinction

betﬁeen £hem wad elininated.




X

The documents containing the operating instructions for Converter

M~134; M<l3i-A are as follows:

"Operating Instructions for Converter M-134", (short title:
(SI1GQUG), September 1938. , |

"Operating Inatructions for Gonverters‘ ¥-134 and H-134-AY,
- (short titles SIGKOC), July 1, 1940,

Supplement to Operating Instructions for Converters M-134 and
li-134~A", (Photographs amd Drawings of Converter “-134~4),
(short title: SIGVYJ), July 1, 1940.
Associated documentss | ‘

"Papts Tape Transmitter and Auto Contrel Helay Unit®, Teletype
Corporation Bulletin Ho. 1018, Dece’mbar 1930, i

"Description and Adjustments of the Tape Tranemitter®, Teletype
Gorporatior Bulletin Ho, 103 (Issue 2), October 1938,

— | D. EKeying Instructions
The documents eontaining the keying instructions for Converters

¥~134 and M~134~A are as follows: (An outline of the changes ocewrring
through the years in the keying instructions is given in Appendix I,)

“Keying Instructions for Converter M-134", (short title: SIGPUF),
Sﬂptn 1938Q . :

%Keying Instructiocns for Converters Liﬂlal; and H-134-A", (short
title: SIGJUX), April, 1940.

fReying Instructions for Converters M-134 and H-134~A", (short
title; SIGLOG), March 1942. .

Keying instructions for the Converter M-134; M-134-4 are as followss
Gonverter M-134; ¥-134-A employs five ke;‘ring elémnts; two which are

changed at the beginning of each day and two which arc changed with

i9
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every méésage. The two daﬁ.y keying elements are (1) the rotor assembly,
"by which is meant the selection and arrangement of rotora, and (2) the
gelection of the key tape to be used for the day. ‘fbe tiree measage
keying elements are (1) the variation of the connections between the
sensing pins of the tane transmitter and the rotor stepping mognets,
wnich variation is accm@lished by changing the order of the plugs in
the jacks of tie plug and jack atrip} (2) the inibial alimenh of the'
rotors; (3) the initial position of the key tape.

The rotor assembly (or selection and arrangement e:f rotors) is
accomplished at ths beglnning of eagh day by weans of the eurrent rotor
assembly table of the aystem. For example, if the table shows that for
January 1 the rotor assembly i3 8-3w1-9=7, it means rotor & is inserted

in position 1, rotor 3 in position 2, etc., The arrangement is made from

S

loft to righat. The first instructions published in September 1938 provide
that a set of 10 rotors be issued with each machine. -The superseding
instructions of April 1940 provide for 15 rolors: 5 red rotors to be

used for Confidential messages and 10 gray rotors to be used for Secret

messaces. +tao superseding instructions of March 1942 still provide for

15 rotors but, conbrary to the use prescribed in the April 1940 instruce

tions, these 15 rotors constitute one set.l

T "Keying Inatructions for Gonverter M-i3l and B-134-A", (short Litles
SIGLOG), March 1942: “The red-colored rotors heretofore used for
confidential systems are no longer to be used as such; all 15 rotors
constitute one get. The 10 gray~colored rotors are identified by
arabic numerals {except nurbers 6 and 9 wiich are roman), the red-
colored rotors are identified by roman nwsersis, preceded by the
letter €, These differences will serve to differentiate all the
15 rotors of the set, for keying purposes.!
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The key tape to be used for the day is selected as follows: 4

set of numbered t.apea‘ is lssued with each M-134 system. To select the
tape to be used for the day, the tape numbers are used in conjunction
with the current Key Tape Selection Table of the gystem. For example,
the table may show that on January 1 the tape to be used is 17. Accord-
ing to the September 1938 and the April 1940 keying instructions, each
sot of key tapes 1ssuéd with a Converter lM-13/ system consists of 48
numbered tapes issusd in duplicate, The duplicate copies are explained
as being merely reserve editions for use in case one copy of the tape
becarme damaged. The superseding keying inatructions‘of Barch 1942
provides for a change in the policy of issuing tape sets as follows:
one gset of 48 tapes, furnished in duplicate, for each Secret ¥-13, system
and one set of 30 tapes, furnished in'briplicata, for each Oonfidential
M-13/ systenm.

' Tae vardation, with every message ,, of the comnectiona between the
sensing pins of the tape transmitter and the rotor stepping magnets
is accomplished by changing the order of the plugs in the jacks of
the plug and jack strip. The order of the plugs in the jacks is debter- -
mined beforq encirherment of every nessage as foilowss An indicator éon~
gisting of five letters is chosen at random by the operator. Suppose
the group selacted by the operator is FHBGR., Taese letters are aésigned
numbers in accordance with their relative order in the normal alphabet

thus:

F-H«B-G-R
2elypmdw3m5
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‘I‘haae nunbers deteruine the order of the plugs in the jacks. (For
detail, see Chapter V, Seoction B, page )., For the next message a
new indicator is selected at random and the order is again derived in
the same way. |

The initial alignment of the 5 rotors is accemplished before the

. encipherment of every message as follows: The same five letters as was

selaected to determine the order of the p,luga in the jackg are used.

Using the same example (see ébove}, the indicator selected at random

by the operator was FPHBGR. The operator aligns the .rotor‘s by hand

individually to the randomly-chosen indicator group, i.n this case,
4Airis FHBGR on the bench mark from left to.right.

A' m'T‘ne initial position of the key tape is der:!.ved as follmvsi Every
tenth Baudot character of each key tape is numbered by a large number in
white ink. To detarmine the initial position, the middle 3 letters of
the aame 5 letters previously chosen as indicator (see aoa‘ve), are used.

The value of the middle 3 1et.t.ers is found by referring to the current

"~ table of the system. This table is called "Table for Determining Initial

Pogition of Key Tape“( It is mei'ely' a8 table which assigns a numerical
value to ea«:h letter of the alphe.bét.. For example, using the letters
FHBGR and a Position of Key Tape Table which gives the following values
for the middle three letterss H =8, B=22, G =7, the key tape mmld
be set."at the bench mark of the tape transmitter, The method here
deseribed was prescribed both in the September 1938 keying instructions
and in the April 19145 keying instructions. ‘he keying instructions
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-‘pub_l-ished in March 1942 modified this procedure as follows: For

Secret messages, the 1st, 2nd, and 3rd letters of the indicator are
uged; i’or Confidential maéages » the 2nd, 3rd, and Ath lebters§ for
Restricted messages, the 3rd, hth‘, and 5th letters.

A1l keying instrustions provided for a maximum number of groups
of oipher text which could be enciphered with the same message keying
elemental In the Septembér 1938 instmetions , the maximum length
was 50 to 40 S5~letter g,renps. In the September 1940 and March 191.2

instructions, the maximunm lengbth was 100 5-letter groups.

E. .Cryptographic Security

Converter M-l3,-A was an advanced cryptographic machine for its

day and had great potentiols for security. However, the indicator systea

and the makeup and use of the key tapes rendered the machine vulnerable
to cryptanalytic attack. With a secure indicator system and careful
tape mekeup with one-time use, the machine would have had more security

than Gonverter Mel3/~C. Tﬁe segurity of the machine as it was used was

dependeht on the following:

1. 1he rule in the instructional documents was worded as follows:
WI1f the cryptographed text of a message will exceed 50 to 60
(later 100) 5-letter groups, the plain text will first be divided
into two or more approximately equal parts and each part will be
treated as a separate message.

2. This cryptographic security evaluation is copied from "Historical
and Grm))t.ologic Sumnary of Cryptosystems®, Volume I, (short title:

- ASAG-23). .




T~

REF ID:A523186

O oLk

At least 10 moaaaes ' depth or a large amount of perfectly
mateched pléin and cipher text from several messages in one classification
are necessary before the endplates, rotors, and key tape can all be re-
constructed, In general, less material would be needed than for recon-
struction of Converter M-134~C rotors. Since tho tapes were made up so
that the levels were all naarly_ randem, each rotor ét-epped approximately
50% of the time and thereby produced many lobsters, delayed lobstera, :'md
partial lobsters. These lobsters constituted an opening wedge for an
attack, ' : |

With matched plain and cipher text, the number of exhaustive trials
necessary to idehufy lnown rﬁi'f(;rs is large, but not so large as f.o be

impraqtieal; ‘Thereare 10 x 9 x 8 x 7 x 6 roior arrangements for the

_ SECHET classification and 5 x 4 x 3 x 2 x 1 rotor arrengements for the

CONPIDENTIAL classification. For each of these, 31 possible motions

zust be assumed betwsen enciphermenta, With the identification of the

~ rotors, the key tape is recovered as messages are read.

With known key éapaa as well as knovn rotors, the number of
exizustive trials equals 10 x 9 x 8 x 7 x 6 x 48 for the SECRET classi-
fication and 5 x 4 x 3 x 2 x 1 x 30 for the CONFIDENTIAL classification.

F., ZTape Humbering Maghine ~190
So that the operators of Converter M~134; NM-134-A could locate
on the keying tape the axact five-unit code group with waich the -

encipherment of a message began, it was necessary that the tape be
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marked To accompliah this end, a projact for development of an
automatic k;ay-t.ape marklng device was begun in August 193'_7.l The work
was done at Signal G‘ér‘ps Laboratofies, uslng as a basis for the develop-
ment work, "an old model of the tape marking device made by the Labor-
atories several) years before.“l ‘The model was completed by Signal Corps
Laborat.orias about June 1938, In May 1938, the followinb nomenclature
was sssignedi> Tape Numbering Machine E-190, |

A brief description of Tepe Numbering Machine M-190 follows:?
The tape numbering machine operates from 110 volts a.c., 60 cycles, or
110 volts d,c. to number a five-unit-code tape i‘mm 0 to 999, every ten
holes of the tape, A unlversal motor drives a transmission and cem system -
to autbmtioally advance the tape every tenth-hole position, depress, |
':clevaee s and advance the number-printing wheeld, and feed a typewriter
ribbon between the printing wheels and the tape, The over-all size of
the machine is approximately 8 in. by 13 in. by 5 in. and the weight
about 96 pounds. |

G, Evaluati on

Converters ¥-13, and M-134~A have a high security valus and a low
operational value., The inventor, ¥r. Friedman, realized very eai'ly that

1. letter, Subject: Automatic Key Tape Marking Device; Jo: Director,
g;c. Labs; grom; Louis B, Begdpr, Lt, Col. S.C&; Avng. 27, 1937,
Folder 11, Converter M-134; M-134~A; Associated Equipment.

2. 1ist Ind., From WD, 0CSig0; To: Director, 5.C., Labs; 21 May 1938.
Folder 11, Converter M-134; M~134~A; Asgociated nt

3, lLetter, Subject: Request for Nomenclature; Tos C30; From: Lt. Col.
Van Duesen, Lt, Col., S.C., 19 May 1938, Folder 11, M-134; H~134-A}

Associated Equipment.




tape control would require critical adjustments, possibly necessitating
frequent servicing. Therefore, when Mr. Frankvs. Rowlett conceived,
-~ about June 1935, a novel idea for controlling rotor stepping in simulated
randum.fashion by sending an electrical impulse thiough the circuits of

a rotor moze, it was soon recognized by Mr. Friedman and mi. Rowlett as
-operationally superior to the key-tape control currently under considera-
tion, MNr. Friedman helped ¥r, Rowlett to develop his fortunate ideal

and "together they urged the Caief Signal Officer to convert the prepro-
duction model of Gonverter M-134-12, then being constructed, to the new
 type of rotor astepping control, However, the Chief Signal Officer was
committed to the type being eurrently built inte the preproduction model
' of Converter M-134~T2 (key tape control) and could not be persuaded to
make any change. Therefore, 68 Converters M«l134; li-134~A were built.

It required actual operational experience with the new converters to
confirm the original belief of the inventors in the practicability of
abandoning tape eontroi in faﬁor of the‘FriedmanQRowlett concept of
contrall by means of an electrical current through the circuits of a
rotor maze to generate a long, irregular sequence of characters,

The Friedman-Rowlett ccnceptl found expression in an astonisning

ranner. 253 Chief 3irnal Officer, having refused to adapt Converters

| H-134, gave Mr. Frieducn: permission to disclose the new, unadopted

1, Fatent Application 70,512, Friedman and Rowiett, filed March 23,
' 1936, This patent is still under a Patent Office Sccrecy order,
Conceived about June 15, 1935. :

26
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-
prineiple to the Havy. Tne Havy’ s developmant of the idea to produce

the converter which ls the maln subject of this history (Navy ECM Mark II
‘or Arny Converter ¥-134~C) is explained in Chapter XI. Army orders

for the new Converters M¥-13,~C began in June 1940. Even though a few

more Converters M-134-A were ordered after thie date (to a total of 68)
Converters ¥~134-C scon took precedence, ,

-« By ¥ay 1941 the operational inefi’icieacy of tape control of the
enciphering rotors of. Converter ﬁﬁ-lsl,; ‘¥-134~A had been éufficient.ly
demonstrated so that the Chief Signal Officer not only agreed to
ordering Converters i~134~C in quantity but also agreed to an adaptation
of the existing Converters M-134, l-134-h by means of o keying unit,
called Keying Unit M-229. Keying Unit M-229 is one of the possible
variations .of the Friedman-Rowlett gmeepf.l of control by an eleectrical
current through the circui_t.a of a rotor maze., Its davelémant,. and
description are presented in Qmpter IZ, |

For distribution and use of the 68 Converters 35—1% and M-134~A,
gee Chapter VIII. B .

. See footnote 1, previcus pé.ge.
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CONVERTER M~134 AND CONVERIER M~-134-A

Only 68 Qonvertars ¥~134 and M-134~A wers manufactured. Since

tihe basis of 1ssue was two converters per establishment, it is immedi-
ately apparent tﬁat‘these converters did not attain very wide usage.

The distribution plan for Converter M-134 {(drawn up in 1937) called

for supplying the General Siaff, the Air Force General Headguarters,
each Corps Arég_and Depariment Headquarters, and the Signal Corps
Training School. Even this limibéd distribution plan did not get off

to a very f&st'start, for delivery of the machines by the manufacturer .
”ﬁéé“élpw:in addition to the fact that the orders wers placed in mere
dribbles. The first order for 12 machines was delivered 2 August 1938,
the second order for 10 machines was deliveréd 1 April 1940, the third
order for 12 machines was delivered bétween 15*23 October 1940. Aneﬁher
16 converters were ordered in the summer of 1940 (delivery date unknown)
and the 1ast'18 were ordered as late as the summer of 1942 (delivery
date unknown). |

The just~listed scheduled orders and deliyerieé shows that from

agust 1938 until 1 April 1940, only 12 converters were in existence.
The first five of these 12 converters were escorted to their destination
by their inventor; William F, Friednan, in order to insure proper instal-
lation and adequate instruction in their operation. The invénbor, who
left New York with the converters on 15 November 1938 (USAE Repgblic)
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delivered two to the Panama Canal Department, Quarry Heights; one

to the 9th Corps Area, Presidio of San Francisco} and two to the
Hawaiian Department st Honolulu. The remainder of the first 12 ware
delivered within the next several months to the Porte Rican Department,

- The Phillipine Departrent and the 8th Corps Area. One was held by the

War Department leasage Center, Experience with these 12 converters
provided the basis for the changes which made the next order, Con-
verters ¥-134~A, The directive for iﬁcorporation of the changaé is

probably partially responsible for the considerable delay in delivery

| of the second order.

The second order of 10 converters arrived in Washington on 1 April
1940, Distribution of these 10 converters introduces an interesting
agpect of general eryptographic history, namely, the beginning of the

modern type code room or what later became knowﬁ ag the cryptocenter.

- On 5 April, letters were sent to the Signal Officers of the 1lst, 2nd,‘

3rd, 4th, 5th, 6th, and Tth Corps Areas and to the Commsnding Officer,
General Headquarters, Lengley Field, Virginia stating that within the

- next month one Converter l-134-4 would be issusd te them. These

s

future recipients of the Converter were 1nsbru¢ted %0 provide secure

storage space of sufficient size that the Gonverter could be operated

with the space. The delivery schedule of shipment within the month

was not met becauge the Corps Areas immediately answered the statements
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that suitabie storage apaeel wag not available for housing the converter.,
ilever before had there been 1séued a large electrical machine which
could be seen only by authorized éperating peraonnel and, in addition,
was such a large and delicate a mechanism that it could not be moved
around. Therefore, these new factors caused the sciieduled recipients
of the converter io,spend the next few months in making ready for thé
new code rooms. It was necesséry that each room havé only one entrance
and £ha§ the doors, windows, and possibly ceiling and floof be covered
by a grid system so that any attempt to enter the room by unauthorized
persons should set off a burglar alarm. It was also considered highly
desirable that tha:vault be of fireproof4construction throuzhout, By

the time satisfactory rooms were completed, the summer of 1940 had gone

by; the converters were actually shipped in August and September.

The third order for 12 machines (delivered 15-23 October 1940) were
distributed in two ways:' (1) to iﬂcreaae by,ane the number of machines
held by the Porto Rican Department, the Hawaiiam Department, the Panama
Canal Departéent, and the 4th Corps Area and (2) te‘establish a special}
london-Washington eircuit betweap‘the 0.S8.M,A., London and the War

Bspartmsnt Message Center.

1, This problem of secure storage space Within waich the converter could

be operated did riot come up until the second shipment simply because
no one seemed to realize thai it would take so long to provide it.
The recipients of the first order were notified of the necessity for
tiis type of storage space but the shipments occurred so soon after—
ward that it 1s probable that the first converters were housed under
improper conditions for the first few months of their installation.
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In order to establish thls special Washington-London circuit, four
converters (Reg., Nos, 23, 24, 25, 26) weré spe;ially wired® by SC Labs.
The connections to the left and right stators were changed and four sets
of gecret rotors and four sets of confidential rotors were differently
wired, Two of these spepially'wired machines were held by A, Lbndon
and two by the WIMC. On Aug. 6, 1941 the HA London re@uesteda a third
converter., He gave two reascns for his request. First, the traffic
handled by the two machineé was heavy. Secondly, since the_code rooms
of the State Department, Army, and Ravy were all located within fifty
feet of each other in the Embassy at 1 Grovesnor Square and therefore
all three were in constant danger ofvbeing destroyed by a single bomb,
it was advanced that a third unit should be placedvin the new bomb-piroof
sheltep being built at 20 Grovesnor Square,_onejroam of which was to be
a code room, This request was approved but delivery was delayed until

. Thé“ﬁelay wes due to slowness of delivery by the man-
ufacturer who was having difficulty obtaining same of the needed materials,3
This request was eventually answered with Converters l-134-A, register
nos. 49 and 50,

It is unnécessary‘to describe the distribution of the remainder of
the Converters M-134~A in detail for the following list of ariginal and
f£inal holders completes an adequate outline of the diétrihatipn of
Converters M-13l4, H-134-A.

1. The rewiring was being accamplished about October 1940.

2. This letter from MA, London was written to AC of S, G-2.

3. Letter, for AC of S, G-2 from O, K. Sadtler, Col., S.C., 27 Aug. l9hl.
Folder 13, London Circuit.




’//_u\\\

Reg. No,

GEEGREBvmwonrwun -

—REF ID:A523186

Converter M-134

Original Holder

Puerto Rioan'Departmpnt

WDMC

Panama Canal Department
Panama Canal Department

9th Corps Area
8th Corps Ares

- Puerto Rican Department

Hawaiian Department
Hawaiian Department
Philippine Department
Philippine Department
2nd Corps Area

6th Corps Area

GQ Air Force

2nd Corps Area
WDHC

3rd Corps Area

5th Corps Area

7th Corps Area

ist Corps Area

Hawaiian Department
Philippine Department
Lth Corps Area
WDNC

2nd Air Force
Hawalian Department

Philippine Dapartment'

3rd Corps Area
WDMC '
Wright Field
7th Corps Area

T

. Final Disposal

Destroyed
Destroyed
Destroyed
Museun
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Deatroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Museum
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed .
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed




P

Reg. No.
39
40
41
L2
43
L
L5
L6
L7

48
49
50
51
52

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68 .
71

(Bumbers 69 and 70 were apparently never noticed as being skipped.
There were only 69 SIGMYC's manufacturer and No, 71 above should have
been assigned the number 69.)

Ori Holder
State Department (Bought%
State Department {Bought
State Department (Bought)
State Department (Bought)
WDMC ‘
Puerto Rican Department
G H Q Alr Force

Msjor Doud

Hawaiian Department
Hawaiian Department
U S ¥ A London
U S M 4 London

~ State Departmant gBought)

State Department (Bought)

State Department (Bought)

State Department (Bought)
S 83U, Secy of W
KIDPAC

S S U, Secy of War
$ S U, Secy of Var
U s HQ,Calcutta

U S HQ Caleutta
Werehouse
Varehouse
Warehouse
Warehouse

310th Bomb Wing
310th Bomb Wing
310th Bomb Wing
310th Bomb Wing
&ir Force

REF ID: A523186

Final Disposal

Destroye

Dastroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Deatroyed
Destroysd
Degtroyed
Degtroyed
Destroyed
Destroyed:

" Destroyed

Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed
Destroyed

devj.ces "o

the ciphering units have been dilsmantled and the typewriters are
being used for other purposes.®

1. Hemorandum for bhe Cxief, ASA, from L.W, Parke, USN, Chief, Division
of Cryptography, 8 iarch 1948, Filed: Folder 1, Cowvertera M-134,
U-134-A (General), CSGAS-80. '"Reference is nade to your letter...
requesting information relative to the disposition of eight SICMYC...
The SICYC devices have been ¢ryptographically destroyed;
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KEYING DEVICE M-229 (SIGGOO)

75 units manufactured. These were assigned Register Numbers 2 - 76,

omibting No, 1,
0f these 75 units s

No. 18 is in the Museun

35 was destroyed

7 sold to
13 sold %o
-l sold to
15 =zold to
42 s0ld to
54 sold to
58 sold to
67 so0ld to

The remaindsr are

State Department; subsequently destroyed 1

State Department; subsequently destroyed
State Department; subseguently destroyed
State Dupartment; subsequently destroyed
State Department; subsequently destroyed
State Department; subsequently destroyed
State Department; subsequently destroyed
State Departuent; subsequently destroyed

now all in the Viarehouse.

1., Memorandum for the

t— oy - o T e T S Tt
c.}]l@f, ASA’ from L; V}'c P&rka, {]S-N, Chief,

Divieion of Cryptography, 8 March 1948. Filed: Folder 1, Con-
verters ¥-134, M-13i~1 (General), CSGAS-80. ®Reference is made to

your letter...regue

sting information relative to the disposition

of...eight SIGGOC devices... The SIGGO0 devices have been crypto-
graphically destroyed by complete disassembly". '
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CHAPIER IX. KEYING UNIT M-229

For photographs of Keying Unit M-229, see Tabs T, U, V, W, X, ¥, 2.
' A. General |

Keying Unit M~229 consists of & single unit of three rotors in
cascade through wiich electrical circults are passed to produce a
lengthy disarranged sequence of keying chéract,ers for controlling the
permutations of the rotors of Converters li~13h and M-134-A, It is of
such a nature that it can be slipped into the same position as tﬁat.
occupied by the tape transmitter. (See Tab T for photograph of Keying
Unit M-229 in place. Compare with Tab G which shows tape transmitter
in place.) The way in which Keying Unit 4~229 controls tie encipher- J
ing rotors of Converter M-~134 or Converter M-l3i~A is eipl&ined in .'?f
Ssctﬁ.on D. _

The prineiple involved in Keying Unit M-229 vas concaivéd by
Mr. Frank B. Rowlett in June 1935 during the interval when preproduction
mdels of Converter H-134~T2 were being bullt. lr, William F. Frieduan
and ¥r. Rowlett developed the idea together and tirged its adoption.
However, the Chief Signal Officer was committed to the type (tape control)

“embodied in the model of Converter M=134-T2 currently being built and

he eould not be persuaded that a change was advisable. Therefore,
development of Converter M-l,’;‘h continueq, using tape control, Sixty~
eight models of this type were canstructed. '

It was not until axperience in operation of the converters confirmed

~ the original belief of the inventors in the hign security value and low

35
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. operational valus of Converters M-134, U-134-A that the new method of
controlling its rotors was given consideration. When s.t," was finally
decided, in June 191;}., to adapt the 68 converters M-134, M-13,-A to

the new type control by means of Keying Unit M-229, the Navy had already
shown to the _Am their own mechanical and electrical embodiment of tgédm“:ﬁw‘m
prineiple in a convarter which they called ECK Hark 1I (later Army Con-
verter M~134-C). ! When, in 1935, Mr, Friedman and Mr. Rowlett were unable
to persuade the Army to change to the new-type control of enciphering
rotors,l Mr, Friedman obtained permission (see Chapter XI) to disclose
the idea to the Navy, Tue first time that sayone in tae Amy knew that
the "Friedman-Rowlett étepping magze", disclosed by Mr, Friedman in 1935,'
had been used by the Navy was on February 3, 1940 when Admiral Noyes of
‘the Navy invited Friedman, Rowlett, and other signal corps personnel to

see their new moda}:j (See Chapter XI.)

The reason that the use of the concept, of the “Ifrie&nan—ﬁowletb
stepping maze® to produce the ECM Mark II (or Converter M~134-C) is
important in a discussion of'Keying Unit M-229 is because both Keying

“Unit M-229 and the stéppiqg maze of Converter M-134~C are variations of

the same concept, concelved by Rowlett in 1935, and developed by Rowleti
and.Friadmanqz The "Priedman-Howlett stepping maze® was conceived in

1, Tne change desired was from control of tie stepping of the encipher-
ing rotors by means of a Baudot~code tape to control of the atepping
of enciphering rotors by means of slectrical circuits passed through
a series of rotors in cascade to produce a lengthy disarranged
sequence of keying characters.

2. Patent Applieation o, 70,412, Friedman and Rowlett, filed March 23,

© 1936, This patent is under a Patent Office Secrecy Order. Sse also
Chapter XI.
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.several variations in June 1935 and, as mentioned in the preceding
paragraph, revealed to the Navy. HNothing was done about it in the Army
until fi‘ve' years later when the Navy surprised Signal Corps personnel
with a model which used the basic principles disclosed to them by
Friedman, It was only after all this had occgrred that Signal Intelligence
Service was able to convince the Chisf Sigxél Officer of the efficacy
of the new type control over tape control.i Epon presentation of the
ECM Mark II by the Navy, the Army immediatoly switched its orders to

| Gonvarhers L—lB&-C.Y It was after Converters i~134~C had bagun to be
ordered in guantity thot Keying Units M-229 woere ordered for the purpose
of converting Converters M-134, M=-134-A to a variation of the same type

rotors as thel
- eontrol of its enciphering  \ ol used in Gonverter ¥~13.4~C,

B. Converter U=229~Tl and Its Official Approval
On 9 May 1941, Signal Intelligence Service wrote to iar Plans and
Iraining Division that the tape transmitter of Converters M-134 and

#-}34~A "appears to require a very critical adjustment for satisfactory
aﬁeration s necessitates frequent servicing and causes numerous emﬁrs and
delays in moving enciphered tx;affia. it has aléo been fcum:’t that the
production, distribution, and handling of key tapes vz}resents difficulties., . "
 Inspired by these considerations, Signal Intelligence Service, using the

limited shop faci}.itiea ‘and personnel available, construcisd an expsrimental
- keying mechanism (later t§ be called Keying Unit M—229~T1) ﬁhieh consiated

of a single unit of three rotors thruugh which elestrical circuits were
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passed to produce a lengthy disarranged sequence of keying characters

for controlling the permutations of the rotors of Converter H~13/, and

M"‘:LBA"& .

The new experimental keying unit was bullt from existing

elements and spare parts of Converters =134 and H-134-A. it required

no modification of the exiéting converters except very minor ones which

could be accomplished by the personnel at the using stations.

The existence, purpose, and sdvantages of the new Keying Unit k-229-Ti

wore made lmown to War Plans and Tralning Division by its originator,

S8immal Intelligence Service, on 9 i‘é&y 1941 by means of a Houting and Work

Sheet .

This R & W recommended the immediate procurement of the keying

unit and made the following specific requests:

(1)
(2)
(3)

{4)

(5)

(6)

That the keyiﬂg unit be considered as a required type.

- Taat a type number be assigned,

That the military characteristics accompanying the R & W
be approved,

That a‘projéct.be set up for the development of a keying
unit having the required military characteristics,

That congideration be given to the adoption of tais keying
unit as a standard article of use by the Signal Corps as a

new type of equipment to be used interchangeably with the
present tape transnitier for converters type M~134 and M-13/-A.

That the subject equipment and all matters pertaining to its
dovelopmﬁnt, standardization, and contemplated use bé placed
in the secret classification.

Yar Plans and Training Division gave quick approvel (10 May 1941) to

the submitting of the military charscteristics to the Simasl Corps Tech~

nical Committee. But it did not concur 'in the request tnat the new keying
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nnit_be adopted as a required type. It recéﬁmeﬁded instead that "a
sufficient number of service test models be manufactured and turned
over té the various arms and services for service tests.

In spite of the fact that.all the original recommendations of Signal
~ Intelligence Service were not followed to the letter, the processing of
the new keying unit (accordihg ba‘the regulations outlined in AR 850-25
for new eguipment) occurred in record time. In 26 May 1941, at its |
meeting No. 193, the Signal Corps fechnical Committee recomﬁénded that

the military characteristics,l

as drawn up by the Sipensl Intelligence
Sarvice, be adoptad.’ It further recommended that a project be set up
for the development and procurement of one pilot modél, the project to
_be classified as SECRET. On June 14, 1941, thé Homenclature Section of
Supply Division, OCSig0, assigned to the new equipment the nomenclabufe,

Keying Unit, type M~229.

1, Idlitary Characteristicss ‘

1, This apparatus to be designed for the fundamental purpose of
controlling the stepping of the eryptographic rotors of the Convertors
¥-134-{ ) in an irregular manner, 80 a8 to perform the same functions
as the present tape transmitter vhen used on the Converters M-134-( ), -
but without employing key tapes.

2, The apparatus to congist of a single unit, comprising a set
of three control rotors in cascase, through which electrical circuits
are passed to produce a lengthy disarranged sequence of keying char-
acters for controlling the stepping of the cryptbgraphic rotors, The
three control rotors are to be driven by solenoid stepping machanisms
identical in type with those now used in Converters M-134~ { ). The
order of steppinz of the three control rotors of tue keying unit to be
variable by means of a 6-~point gang switch or similar device.

3. The apparatus to be capable of being used interchangeably
with the present tape transmitter used with Converter li~134-( ) and
to fit in the position now occupied by the present tape transmitter,
preferably without necessitating re-design of the present cover cass
for Converter M-l3i-( ).

. he The keying unit itself to be enclosed within a suitable hous-
ing, with apertures for the insertion and setting of the three control
rotors. : .

s
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Ce Gonvorber Hm229-T2 and Procurement

Accordingly, the Signal Corps Laboratories were inatruct,edl to
initiate action for the procurement of one pilot model from Wallace

and Tiernan Products, Inc., Wallace and Tiernan, Inc., did their work

" of developing a pilot model directly on the model built by Sisnal

Intelligence Service. The Corporation notified the Chief Signal Of ficer
on 25 March 1942 that their modification of the model was complete,

This ino&iﬁed preproduction modal was known as Keying Unit M-220-12, |

It was produced by Wallace and Tiernan, Inc. on Contract lo. 1077-3¢-776.

‘The model was inspected and aceepted by the Office of ths Chief Signal
- Officer on 27 March 1942. Immedlately thereafter an order was placed

with Wallace and Tiernan, Inc. for 75 Keying Units M-229 (Cost: Approx-
imately $450.00 each). Tne contract number for this order of 75 units

. 2
were delivered by Wallace and Tiernan during August and November, 1942.

D. Cryptographic Functioning
Keyer M-229 (short title: SIGGOO) consists of a single unit ('fab T,
compx?ising a set of three control rotors in cascads, tarough which electri~
cal circuits are passed to produce a lengbhy disarranged ssries of keying
characters for controlling the stepping of the five cryptographic rotors

1, Letter, Subject: Keyer for Gonverter M~l3k, To: Director, Signal
Corps Laboratories; Fromt Hugh Mitchell, Lt, Col., S5.C. (By order
of the Chief Signal Officer), 26 May 1941,

2, Delivery: 15 units: Aug. 24, 1942; 20 unitst Sept. 24, 19425 20
unite: Oet. 24, 1942; 20 units: Nov. 24, 1942.
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of M-134; M-134~A. Keyer M-229 consists of two distinct main parts:
These two parts are (1) the amall rotor bank, comprising the set of
taree conﬁml rotors in cascade (see Tab U)LY and (2) tae cont;,rol mlti-
switeh (see Tab U, ?i)z and its associated stepping solenoids, The
functions of these two parts of the keyer differ as followst _The

' function of the amall rotor bank is to control the stepping of the five

cipher rotors of the M-134j M-134~A. The function of the coatrol multi-
switch is to provide a .variation in the ateppihg,l of ﬁhe eontrol rotors of
the small rotor bank, The manner in which the control rotors of the small
rotor bank of Keying Unit Me229 carry out their function of stepping the
e¢ipher mtp?g of Converter M~134; l-134-A is explained in the paragraphs
imnediat.aly following. The manner in which the control rotor themselves

‘ step is explained direetly thereafter.

'l"le small rotor bank of Keying Un:!.t 3&—229 eonsista of three randomly

'wired rotors which act as swibching commutators between two end plates or

statora, Each time a letter of the keyboard of Converter Me134; M-134~A
is depraaéed, five circuits are estéblished through the control ‘rqtor naze
{the t&@e rdtors of Keying Unit 4~-229). The direction of the current is
froz the right end plate, through the rotor magze, to the left end plate,
t.b the stepping magnets of the five rotors of the Converter 5543.3&; Hel3f=A.
The entire purpose of these five circuits through the control rotor maze is
to step. the rotors of the Converter M-l3h; M-l34=-A in random fashion.

1. The rotors themselves are snown only in 1ab 1. ALl other pictures show
the rotor bank without the rotors.

2. Control multi-switch can be located by means of noting small plate
containing the numbers 1, 2, 3, 4, 5, 6 and a switeh with pointer.




REF ID:A523186.

The exact manner in which the nontrol rotor maze of Keying Unit
¥-229 offects stepping of the five rotors of the Converter M-134
(~134-A) can be best understood by examining the wiring in detail.

On the right stater of Keying Unit M-229, there are five entrance

spots for the current which become "alive® each time a key of the con-
verter keyboard is depressed. Since there are 26 contact points on the
sides of each rotor, there ares 25 numbered e&brance peinbs‘an the right
"?;gﬁéédr {ace Tab U) but all of these entrance points are %dead" except
fifé; Tahe five "liveft aniraﬁce points (as the Reying Unit 1s pregently
wired) are coatact points 16, 20, 26, 3, 10. (These numbers, 16, 20,

26, 3 10, appear on the Wiring Diagram, Tab 2, designating the five
“liveﬁ entrance points on the right stator., In Tab U, some of the wires
can be seen attached to these five designated entrance points’on‘the
right stator. The curraht enters the right stator at ihese five %1livet
gpots and thereby establishes filve patha through the conbtrol rotor maze.)
From here on, cach of the five paths of current esbabl@sheq is through
the alphabet mazefin~nonmal fashion,l that is, directly through the ,
stator to the touching contact on the left face of the first rotor, to the

contact to whigh it is wired on the rignb face of the first rotor, and on
through the control rotor maze in this manner (see disgram on Page )
to the touching contact on the.right end plate or stator.

The left end plate or stator (Tab V) of Kéying Unit M-229 contains
26 gontact points. The contact points are banded or wired together in

I, For description of the path of a currant through an alphabet NAZE,
asee dlagram, page .
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groups as follows: Contact points 7, 8, 9, 10 and 11 are wired togetiher
in such a way that if one of the circuits through the control rotor maze
ends in any one of these Gantact points, it will cause rotor no. ll of
the Converter M~134; M-134-A to step. (These five contact peints, 7, &,
9, 10, 11, are designated on the Wiring Diagram, Tab 2, by the letter 4,
The wire can be followed on the Viring Diagram, Tab Z, fram the banded
contact points designated by A directly to the stepping solenoid of
rotor Ho, ll of Converter H-134.) In the same way, contact points 13,
Ly 15, and 16 are wired together (designated on Wiring Diagram, Tab Z,

'by the letter B) and affect the stepping of rotor no, 251 Contact

points 2, 3, 4, 5 are wired'bogebher and coﬁtrol rotor no, 3.1 Contact
poinis 18, 19, 20, 21, 22 are wired together and control rotor no, h;l
Contact points 23, 24, 25, 26 are wired together and cqn£f01 rotor no. 5.1
Contact point no. 1 of the right stator is a dead end; it is wired to
notaing. | ' |

To better show bhe effect of the five circuits througa the.contrel _
rotor maze cn'the‘stepping of the cipher rotors, an example is given.

Suppose that the current enters at the five "live" spots, 16, 20, 26, 3,

| 10 on the left stator (which is an invariable ecircumstance of every

enciphernent) and leaves the control maze at the exit points, 18, 7, 20,

1, 22 (which points are varied by the varisble path through the control

1. This Ganding of contacts oan be switched as & unit by the operator
to control instead any of the other fowr rotors. This switehing is
accomplished by meana of the plug and jack strip of Converter M-134;
M‘IBI;'-AQ '
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rotor maze caused by the stepping of the control rutors.; According

to the Wiring Diagxam, Tab Z3
Exit point 18.(Group D) causes rotor 4 to step.
Exit point 7 (CGroup A) causes rotor 1 to step.
BExit point 20 (Group D) causes rotor 4 to step.
Exit point 1 (Dead and)..sevesssseassravascces
Exit point 22 (Group D) causes rotor 4 to step.

Therefore, the effect of the five circuits of the example is that
two rotors, rotor 1 and roter 4, of Converter Eel3ls Em134~A étep with
this particular eneiphenmenb of a 1nttér.

.The control rotors of Keying Unit 4229 stép as follows: One of the

'thrge rotors is a fasﬁ—stepping rotor which steps eacﬁ time a letter is
enciphered, A second rotor abapa‘ance each tine the fast stepping rotor
has stepped 25 times. 4 third rotor steps once eaéh time the mediun

_ stepping rotor has stepped 26 times, This stepping is aecomplished by

peana of stepping solencids beneath the rotors, bhebéhémgizing contacts

for which are controlled by the centrol mnlt1*6W1tQﬁ (Tab W, Tabs U and V)
located at the right of the keying unit. |

/ The funetian of the control multi»switch is to vary the’ poaitions

of the fast-stepping, m@diumrsteppxng, and slow-stepping rotors. The

 control multi-switeh has 6‘poaitiens which con£rel the stepping of the

three rotors of the keying unit as follows:

" For explanatxon of stepping of the contnol rocors, se6 paragraphs
immediately below.
The control mnltm«switen can be located by means of noting the
numbers 1, 2, 3, 4, 5, 6, on small square plate which contains
. switch with pointer.
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E., Keying Instructions _

fhe keying instructions for using Keying Unit ¥-229 with Converter
Hl3k; M-134=A are gs follows; ‘

Ooanrter B33l H=134~A used in conjunction with Keying Unit 1-229
employs 6 keying elements., Six of these keying elements are changed
daily; two are changed with every message. 7The 8ix dally keying elementa
‘are as follows: |

1. The cipher rotor assambly of Converter M-134; li-134-A, ~ The
~ Totora are sslected and arranged daily according to the current
cipher~rotor assembly of the systen.

2, The control rotor assembly of Keying Unit M-229. - The rotors
are selscted ond arranged daily according to the current control-
rotor assembly table of the system. ' o

3., The plug and jock arrangement on the terminal strip of Converter
H-1343 M-134-4, - The plugs and jacks are arranged daily accord-
ing to the current Plug and Jack table of the system., (The
effect of changing the plugs and jacks is to switeh the bands
of the left stator of the keying unit so that they are connected
to different cipher-rotor solenocids. See footnote 2, page
and associated explanation in bext.)

4,  Sebtting of the control multi-switch. - This switeh, which is
located to the left of the Keying Unit, is set daily to dne
of its six positions as indicated in the current control swibtch
table of the gystem.

L5
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5. Initial alignment of cipher rotoérs of Converter M-l34; M=l34~A, -
The dally initiasl aligament of the cipher rotors is found in the
current table of the system marked “INITIAL ALIGNMENT®, This
initial alignment is used during an entire day but cannot be set
at the beginning of the day and then forgotten as can the first
four daily keying elements. The eipher rotors must be aligned
to the INITIAL ALIGNMENT each time a message is enciphered during
the day., This initial alignment is that of the cipher rotors
used for encipherment of the internsl message indicator., It is
never transmitted, For detail, see explanation of message keying
elaments below, . :

6. Initial alignment of the conbrol retors of Keying Unit ¥-229. -
The same table and group of letters is used for the daily align-
ment of the conirol rotors as is used for the daily alignment
of the cipher rotors., It is found in the current table of the
systen marked "IHITIAL ALIGNMBNT®, The control rotors must be
aligned to the first three letters of tinis INITIAL ALIGNMENT
each time a message is enciphered. This initial alignment ls
that of the control rotors used for encipherment of the internal
wessage indicator, It is never transmitted. For detail, see
explanation of message keying elements below.

The two message keying elemenis are as followss

1. Alignment of cipher rotors to the internal message indicator. -
The internal messsge indicator is the initial alignment of the
rotors vhen encipherment of the message text is begun. It is
determined, enciphered, and used as explained below,

2. Alignment of the conbrol rotors to the first taree letters of
the internal messsge indicator, - The internal nmessage indicator
is determined, enciphered, and used as explained below.

A group of any five letters except X and Z are selected at random
to be used as the internal negsage indicater. For purposes of exampls,
suppose that the internal message indicator selected is TLEMH., Since
the internal message indieator is the group used ag the initial aligment

of the rotors when encﬁ.phemenﬁ of the message text is begun, it Tust

never be transmitted in the clear but must be disguised for transmission

to the deciphéring operator by enciphering it. The internal message

1D @{E’F‘
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indicator is enciphered as follows: After the other dally keying elements
have been set, align the cipher rotors to the five letters of the daily
initial alignment given in the table marked "INITIAL ALIGRMENT"; align
the control rotors to the first three letters of the same dally initial
alignment. With the rotors so alignéd, encipher the é—randomly aalecﬂed
letters (in the example, TLBMH) by typing them on the keyboard of the
typewriter of the convertsr. The S5~letter cipher resultant of this en-
cipherment is the external measage indicator. After thus determining
the external message indicator (which is later to be transmitted with
the message), align the cipher rotors to the five letters of the internal
nessage indicator. (Using the 5 letters of the internal indicator of
the example, align the cipher rotors to TLBMH). “Then align the control
rotors to the first three letters of the internal measage indicator
(examplés TLB). The daily keying elements having been set at the
beginning of the day, the eonverter and keying unit are now in complste
readiness for typing the plain text of the messaée to produce cipher btext.
To decipher the messege, all of the keying elements are set exactly
the same way as in enciphering. The only differences are that the encipher-
decipher switch is set to decipher and the external message indicator is
typed to produce the internal message indicator., When the internal mes-
éage indicator is thus derived, the rotors are aligned to it and the cipher
fext deoiphered. |




The security of Converter N-134~A with Keylng Unit M-229 is
dependent on the following: At 1ea§t_1c megsages in depth or flagrant
misuse of the indicator system are necessary before elements of the
macl;ine can be reconstructed. The number of exhaustive trilals necessary
to identify known rotors is very large, though not as great as in the

~ease of Converter M-134~C. The number of trials equals 60 rotor arrange-
ments for the control maze times 10 x 9 x 8 x 7 x 6 rotor arrangaments.
for the cipher maze time 2_65 rotor alignments times 120 jack and plug
settings time 6 settings for the control switch.

Although no security studies have been condusted on either Converter
H~134~A or Keying Unit M~-229, comparisons have beén made with Converter
M~134~C, Even t,hough the present Converter M-lBl;-G has greater security
than Converter M-134-A had, as it was used, the latter was the best
machine of its day and its chief wealnesses were the indicator system, the
tape makeup, and the operating procedursa, Since the machine with Keying
Unit 1-229 incorporsted many of the features of Converter M-134~C, its
security approaches that of the later machine. However, more variations
of the eryptographic elements are possible in Converter M-134~C, ag
indicated belows

More variatlon in rotor speeds is poasible in 6onvartar Hel34=C |

There were agly 120 plug and jack settings in Converter M-134-A
as compared to 107 settings of the index maze in Converter M-134~C.

~Mhis eryptographic security evaluation is copied from 'Historical
and Gryg;tological Summary of Cryptosystems“ Volume I, (short title:
ASAG~23
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© Although the minimum guarantced cycle for both machines is 263
- the addition of the two "desd® rotors in the first and fifth peait.ions
of the Converter M-134-C control maze provides 676 different cycles

of 263.
The use of reversible rotors in Converter M-134~C greatly increases
the number of rotor arrangements. .
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CHAPTER X. CONVERTER li-134-B (AND OTHER UNADOPTED
MODIFICATIONS OF CCNVERTERS M-134~T2 and M-134=71)
Converter M-134-B is an adoptation of Converter M-13,-~T2 which
proposes cam-wheel control of the enciphering rotors instead of Baudot

code tape control, Cam-wheel contrdliig of the encipherins rotors is

covered by Patent Application 107,244, filed by William ¥. Friedman

on October 23, i936. Ho model was buiit because the introduction of
Converter h~134=C (see Chapter XI) made it unnecessary.l The basic
consideration® of the unadopted mechanism for coﬁtrolling the stepping
of the rotors of ﬁanverter‘M~13k-T2, proposed by Hr. Friedmen in April
1935 and filed for patent in October 1936 was a series of notched wheels

driven stepwise by meshing gears. The notches were arranged on the

wheel Ebllars in random fashion. The notehes on each wheel controlled
a contact for opening and closing a circuit to the.stepping solenoids
of each eipher rotor. The number of "steps" around each notched wheel .
was different in order that the lengbth of the cycle would be much longer
that the disﬁance around any cne wheel, The key provided by the randomly
placed notches on the stopping wheels could be lengthened in séveral ﬁays:
(1) the number of notched wieels could be double the number of cipher

- rotors {instead of equal) so that i€ would take 2 notched waeels to

control one contach; (2) the notches on the wieels were to be contained

1. Letter, To War Plans and lraining Division, From Research and Levelop-
ment Division, 3igned: W.S5. Rumbough, Major, S.C., 9 July 1935. Filed
in Folder 2, Specifications, CSGAS-80. "It is recommended that no
steps other than those already determined upon be tsken at present in
connection with the current development of Converter M-134-T2.%

2, See description and sketch, signed Willian F, Friedman, dated 8 April
1935. Folder 2, Converters M-134, M-134-A, 3pecifications, CSGAS-80.
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on removable collars wileh could be replaced by cﬁllars with a differ-
ent random arrangément of notéhes; (3) the notched wheels were to be
interchangezble. In Jume 1935, Yr, Graham made sevmfal su;gestions for
charging the éechaaicofelectrical set up of the above invention. In
other words, the basic prineiple of the second arrangement vas still
the use of notched wheels fof c¢losing conbacts to complete the circuits
to the rotor--stepping solenoids, but the exact mechanico-electrical
arprangement was different.l.

Although the Converter H-13,-Tl was not any longer being considered

by the Army, an arrangement of the above type2

for controlling the one
rotor of the earlier converiter was also propesed by Mr., Friedmaa.3

L An %gril 1936, ¥r. Friedman conceived another modification of Con~
vgfﬁg ‘3313A~T1, the basic principle of which is as follows: Instead

of employing the compering circuit to control the starting and stopping

... of the comutator wheel, the wheel was to be kept in constant, regular

1. See oketca, signed William F, Friednan and George A, Granam, 17 June
1935. Filed: Folder 2, vonverters H-13L, M-134~-A, Specifications,
CSGAS-80. :

2, That of using cam wheels instead of Baudot-code tape.

3+ Part of My, Friedman's own description of the arrangement is as follows:
"The cryptograph consists of a single, constantly rotating, 26-setment,
26-character commutator wheel of the Hebern type, controlled by a con-
trol system including a set of rotatable, differential cam wheels.

This control system consists of five or a multiple of five cam wheels
wiich operate make or break contact levers and their action (by causing
suitable interaction between sets of five cam wheels in ease 10, 15..,.
can wheels are. used in sets of fives) results in setting up five-unit
code, Baudol resultants, The cam vheels are of different diameters,
individvelly rotatable in stepwise manner under controel of the keyboard,
the nuibers of positions of the various cam wheels being preferably
prime to one another so as to yield a very long resultant enciphering
key of Daudot permutations, thers beingz a total of 32 such permutations.”
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rotation, and the comparing eircuit was merely to determine when electric
potential was applied at the keyboard. Thus, vhen a key of the keyboard
was depressed no current reached the indicating bank through the cipher

commutator until the comparing circuit was completed. Since the latter

~event was controlled by the cipher-key transmitter, it was ocbvious that
‘a result was indicated on the indicating bank onece per revolution of the
‘commutator, but the exact instant when it was indicated was a function

. of the character on the cipher-kay wheel.
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TAB A

Converter L=134

Front View
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Copy Holder MC-184. — The copy holder for Converter M-134 is mounted on the base of
the case between the eryptograph and the typewriter. Its height above the base is adjust-
able by upward or downward movement on its mounting standard. A clasping pin locks the
holder securely in place. Messages for encipherment or decipherment are inserted under the
spring-tensioned hinge at the top of the holder. A line guide moves vertically along a

rbd at the right of the copy holder.




REF ID:A523186

- Changes in Keying Instructions for Converter M-134, M~l§he~A
a8 they appear in ’

"Reying Iustructions for Converter M~134%
(short titlst SIGPUF), Sept 1938

PReying Instructions for Converters M-134 and
H~134~A% (short titles SIGJUX), April 1940

"Keying Instructions far Converters M-13L4,
M~134~A" (ahort title: SIGLOG), March 1942
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CHANGES IN KETING INSTRUCTIONS FOR CORVERIER M-134

Keying
elepents

SIGFUF, Sept 1933

SIGJUX, April 1940

5 Keying elements:
2 Daily keying elements:

(1) Rotor assembly ~ deter-
mined by table,

(2) Koy tape - determined
by table.

3 lessage keying elements:

(1) Gorractions between:
keytape transmitter
and rotor stepping
magnets.

(2) Initial a.lignmmt of
rotors.

(3) Initial position of key
tape.

Same

SIGLOG, March 1942
- Same

Rotor

Each machine is provided with
10 rotors. 5 used at a time.
Rotor assembly changes daily
in accordance with current
rotor assembly table of sys-
tem, For example, if the
table shows that for Jan 1
the rotor assembly is 8=3-l-
9-7, it means rotor & is in-
serted in rotor pos. 1, rotor
3 in position 2, etec.

Bach machine is provided with
15 rotors: 5 red-colored
rotors (short title: SIGLIG)
for Confidential messages and
10 rotors (short title:
SIGTER). The 5 reddish Con-
fidential rotors (SIGLIC) are
marked C~-1 to C-V; the 10
Secret rotors ars marked 1 to
10. HREVER INTERMIX SECRET
¢ AND CONFIDENTIAL ROTORS. The
rotor assembly changes daily
' and is determined by table in
the same manner as in SIGPUP
(see rotor assembly under
mww)

Jassembly table of system, For

Each machine is provided with
15 rotorsi 5 red colored
rotors and 10 gray-colored
rotors heretofors used for
Confidential systems are no
longer to be used as such; all
15 rotors constitute one set.
Hotor assembly changes daily
in accordance with rotor

example, the table may show
that for a particular day the
rotor assembly is 8«L3=19=7
which means that (gray-
cvlored) rotor no. 8 is in-
gserted in rotor position 1,
(red~colored) nunber 3 is

ingerted in position 2, etec.

e 3ot
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SIGPUF, Sept 1938

" 8IGIOG, March 1942

Eey tape
selection

Each H-134 system used & dif-
ferent set of 48 key tapes in
duplicate, Each tape bears
the short title of the set,
followed by an identifying
number which appears at the
head of the tape. It is

these numbers which are

used to determine the speci-~
fic tape to be employed on

a given day in accordance with
the current key tape selection
table of the system. For ex-
ample, the table may show that
for Jan 1 the tape fo be used
is number 17.

Difference: The secret system
- duplicate; the confidential

Selecﬁon is the same.
has 48 tapes furnished in

system has 30 tapes furnished
in triplicate.

Piug énd
dJack Strip

The corrections between the key
.tape transmitter and the rotor
stepping solenoids are estab-
lished and varied by means of
the plug and jack strip. These

- connections are changed with

' every message as follows: An

. indiecator consisting of 5 letters

{ is chosen at random by the oper-
ator. SupP"se he selects FHBGRH.
These letters are assigned .
_numbers in accordance with their
relative order in the normal
alphabet thus:

. BP-H-B-G-R
2yl =35

~Same
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Plug and
Jack Strip
(amt‘d)

SIGPUF, Sept 1938

SIGJUX, April 1940

STCL00, Warch 1912

This then determines the set~up of
the plug and jack connections but
these connections are in effect
only for one message. For the next
message a new indicator is selected
at random and the order again
derived in the same way.

“Initial.

aligrment
of rotors

& different Ainitial slignment of
rotors is used with every message.
To determine the alignment, the sapme
five letters as was selected to de~
rive the order of the pluss in the
gacks are used. In the example

see Plug and Jack Strip above),
the indicator selected at randon
was FHBGR, The operator thersfore
aligns the rotors by hand individually
80 as to align FHBGR on the bench
mark from left to rigat.

Same

S_ame

“Tnitial

position of
key tape

“The minimum ’length of each key 'tépa ij

1500 characters., BEvery 10th characte
of each key tapa is nusbered by a
large number in white ink. (The lst
nunber printed by the numbering
machine is 010, the second is 020, and
so on unbil the 1000th character,
waich is numbered 000, the 1 being
understood), The 1010th character is

again numbered (0, etc.) To deter—
mine the initial position, the middle
3 letters of the sams 5 letters

The same method of deteruining the
initial position of the key tape
is used EXCEPT that different
letters of the indicator are used
for different classifications of
nessages. For Secret messages-
Use the 1st, 2nd and 3rd letters.
Por Confidential messages - Use
the 2nd, 3rd, and 4th letters.
For Restricted meassages - Use

the 3rd, Ath, and 5th letters.
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S

Initial
position of
key tape
(cont'd)

SIGPUF, Sept 1938

" SIGJUX, April 1940

‘SIGLOG, March 1942

chosen as indicator are used. The
value of the middle 3 letters is
found by referring to the current
table in the system. Tais table is
called "Table For Determining Ini-
tisl Position of Key Tape®™., It is
merely a table which assigns a
numerical value to each letter of
the alphabet. For example, using
the letters, FHBCGR, and & table

which gives the following values for |

the middle 3 letters:t i = 3, B » 2,
G =7, the key tape would be set to
position 827, that is, the 827th
character of the key tape would be
placed at the bench mark of the

tape transmitter.

Length of
nessage

If the cryptographed text of a mes—
gage will exceed 50 ic 60 5S-letter
groups, the plain text will first b
be divided into two or more approx-
imately equal parts acd each part

'} will be treated as a separate mes-

8age. -

\ -

If the cryptographed text
of a message will exceed
100 5-letter proups, the
plain text will first be
divided into two or wore

_ approxinately equal parts

and each part will be
treated as a separate
message.

Same as SIGJUX.
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TAB B

Converter 134
‘Plan View




Fig. 2 - Converter M-134, Plan View
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TAB C

Convertor =134
Bear View
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TAB P

Converter =134
Cryptograph HC-164 .

Plan View
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TABE

Converter M-134

SN .

Cryptograph HC-164

Plaa View
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Fig. 5 - Converter M-134, Cryptograph MC-164, Plan View

Showing Cipher Disks Removed
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Tob F

o~ . Convortor M=134
crgv&n%gmgm HC~154
(Showing Cipher Disk Stepping Mechanism)
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Fig. 6 - Converter M-134, Cryptograph MC-164, Showing

Cipher Disk Stepping Mechanism
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DETATIED DESCAIPTION AND FUNGTIONING OF CONVERTER l~134; M-134-A"

Cryptopraph MC-164. (Referenée Tabs I, J, K, and photograph epposite.) - The eryptograph consists of
a base irace, keyhoa keyboard universal bar and contract cozbination, five rotors operating bestween
siiator ole.mtsa five rct@r shopping mechanisme, rotor-stop release lever (only on MC-164-A), encipher-
ddeipher reversing switeh, tape transmitter, plug and jack strip, clow-relesse relay, slow-operate relay

?_3_&?2 iter C-174. (Reforence photegraph opposite and ‘I’abs 2 omd 8). - This typawrit.er is a mdiﬁ.g

t n of the eloctromatic electrical typowriter manufactured by the International Businoss Machines Corpor -
3. The wodification consists of the incorporation of: 26 solenoid marhets with drag links arranged to| -
“oferate tho 25-letter key bars; a univorsal bar operating a contact combination upon the depression of any

‘bar; an automatic five-charactor space conbact with 2 goleneid mapnete operating upon the space bar;

fqr the suppression of radio interfersnce. Tuae szacin{; contact is oporated by every sixth detent of the
ulating reck. The carriage-réturn contuct ic operated by a stud at the ond of the tabulating rack.
intem@m@ce»suppmssino capacitors are cozmectcd across thé universal-bar ¢ontacts and across the
tenainals of tho driving motor as shown in Tab S. The typevriter is permunently &ntyemirsd with the
eryrtograph ia such a manner that the two normolly funciion as a single unit. The typevriter may be
oferated indepondently by striking the koyboord in the convenbionnl monner for ploin-toxt recording. The
rgversing mﬁii;ca of the aryptegram should be Limm to ivs DECIPHER mdi&mn o cub out b_w aubgnotie
gipeing feature.
Copy lolder MC-184-A. (Mot shomn} - For o deseription end plcture of the copy nelder i’ar Cam'erter
M3, see Teb A (Lais volume). The Copy Holder Elﬁnl&;—!k for Gemexvte,, Ha-lfai,--A is a standard coumercial
y Exolder " ‘,mmfactux‘ed by i:.hy tha-mce Gm oration, Vashington, D.C. %o use, it is merely necessary

eﬁaﬂﬁé deseri twn c&ntinmd in Tab H.

1.  Tarousiout this dascriptisn, all designations af the machine aﬁenvertar T34 apply equally to
Converter =134 except where the differences are described.

rd, and incidental wiring. Inberference suppressors vere installed in order to avoid wterference with|
jocent rodio sebs. A drawer for storing measaﬁc blanks, ﬁancils ¢tc.; is provided in the front cf the I,
'b se. i

at] antomntic carsiage-return contacd vith solencid mgwt. operating upon the carriage-return key bar and o
Anfeluding o waening bell sipgnal; a tomeinal stidp for lntercomnection vwith the erypbtograph; and cag;acitsrT_
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TAB B

Converter I-134

Regy View
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Conbinucd fron Tab G.

Rotor Release laver. Reference photograph opicsite, also Tabs G and I. -~This lever, included only

on Proptorsrenhs 1644, io mounted on the laft of the rotor assembly, in front of the plug and jack
strip. DBy pulling forward om this lever the rotors are disengaged {rem 21l pawls and are free to be
turhed in either direction. ’

Bage Prare. See also Tab G. = %o boge frame is a modificabtion of the base of the Hemington noise-
lssp Typewriver Hedel 10, manufactured by the Remingbon Hoiseless Typewriter Works, Middletown, Connectit

eutl 411 alements of tho cryptogreph are mounbed on this frame.

- Iy
. »';‘

Q%ﬁ;minued in Tab I.
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Fig, 2-A

SIGNAL CORPS LABORATORIES, FORT MONMOUTH, N. J.

CONVERTER M-134-A
REAR VIEW
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‘ TaB I
Converter ¥=134-A

Cryptograph MC-164-A
Plan View, Cover Removed
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continued fron Tab B. ; I
Keyboard, - The sﬁandard ﬁypewmter keyboard is used, but all keys
other than the 26 letters of the alphabet, the space bar and one blank
‘key have been sliminated, The blank key is blocked up inoperative and is
used to provide a guide key for the normel position of the operater's hands.
A keyboard locking mechaaien has been provided to meke it impossible to
depress two keys at the same tine or to depress a second key until the
first has been released, This mechanism congists of a series of steel
balls within a slotted coud, bstween the teeth of which one and enly one
key bar may be pushed ot a time. Each key bar 1s provided with a vertical
contact extension which operates between two contact jaws below the bar and,
when the key is depressed, serves to c¢lose a cireult {rom that key coantact
to a solenoid under o key bar ef the typewriter. Electrically each key
contact hag cne Jaw connected in common to one side of tie circult mentioned
and the other jaw connecbed to one of the studs of the stationary nlate
of the encipher-decichor reversing switch. The individual eirouits
pertaining to the various heys of the eryptograph are coanected taroush
thig switch and bthen through the whole seb of stobors and rotors to the
golenoids of the typewriter, The key contact jaws of the eryptograph are
of the wipinz bype and should give a minimun of trouble. If a key tends
to "atiek;“ t*.mt, ig, waen a key has boen depressed and then released and
faila to spring back to inoporabive maitmn, this is pro“oa&aly caused by some
of the bakelite of the contact extension wearing off and lorning abrasive
foreim matber o make bhe contact extension sticlk ! setween the contact jaws.,
To remedy thig situntion, all that is necessary is teo place a very small
anount of o good grade of petroleun jelly (vaseline) on the centact Jaws,
using either ¢ t.oc‘émpicm or thin slip of papsr and then work the keoy a
fow times to spread tho lubricant in a thin f1lw on the contact extension.
‘Keyioard Universal Bar. - The keyboard is egulipped with a universal
bar mounted transversely and directly beneath the key bars so that the
depression of any key rotates this universal bor on its axls o cloge, by
msansg of o lever extengion, the universal-bar centact combination.
Keyboard Universal Bar Contact Combination. - The contaects of this
combination are in "moke® relationsiip with the ualverscl bar in such a
mam.er thet the depression of any key couscs these contaclis to closc before
the individual koy comtact elogses., It is important thot this relabtionchip
b& preserved for rroper operation of the cmmwg?miu Upon permitiing
the key to rise (return to normel), the universal cemtacts open after the
individual key contaet opons. Tho positicn of the unlversal bar contacis
in the elreult in shown in Tab O and their function is explained in detail
in Tab .
Botors. - a. Rotors SG-l4. Bach ¢onverter is provided with a set of
10 rotors waich are to be used only for SECRET messages. Each of these
rotors is identified by a number engraved on its inner face, The short
title SIGTER should be written in India ink on the inner face of each
rotor, near the identifying number., The rotors are differently wired as
explained below, but they are all mechanically interchangeable thouzh, of
courss, electrically and ecryptographically tiey are not idemntical in their
efiecty, Only 5 of them are used at one t.im » Selection being made

Deacriptmwmnmw : N

~
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SIGNAL. CORPS LABORATORIES,

FORT MONMOUTH, N.J.

CONVERTER M-134-~4,
CRYPTOGRAPH MC-164-4,

PLAN VIEW, COVER REMOVED
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_ TAB J
| Gonverter M«134~A, Cryptograph U-164~A
Plan View

Tape Transmitter MC-185 and Two Rotors Removed




REF ID:A523186

Description of Rotors continued from Tab I.

according to keying inatructiens. 7The 5 sclected rotors are inserted into 5 rotor positions according to
a key and positioned to rotate between six stators. The four intermediate stators separate the rotors and

are provided with distributor faces against each rotor. The right and left atators are provided with
d...stribut.or faces internally contacting the end rotors, and are externally connected by means of stud t
ninpls to the key contacts and the typewriter solencids through the encipher-decipher reversing switch.
king any change in the wiring to either the right or left stator, follow the instructions in Par. 31 o
"Opbrating Instructions for Converters M-134 and ¥-134-A® (short title: SIGKOC). Each rotor presents on
each face 26 segments, which are in contact with 26 spring and ball contacts on each stator. The connec—
tiohs through the intermediate stators are direct. The segments on one face of each individual rotor are
wirgd in random fashion to the segments on the opposite face of the rotor. The exposed periphery of .sach .
rotyr is di_vided into 26 positions designated alphabstically from A to Z. bHo through shaft is used, Q,a.czh'~ :
rot¢r being rotatable upon a spring-teansioned ball in the center of the stators. In order to remove ﬁm;
rotprs it first necessary to remove the metal 1id which covers the rotors when in position. This < - :
be ‘done quite gently by grasping the 1id at the sides and rocking it with an upward motion, be;,ng
cargful to et the vertical extensions and protruding buttons of the plungers of the rotor stepplng - -L=7
an %see Tab K) centered within the holes in the 1lid so that the 1id can be lifted clear wibhout i

<3 me tuttons or the vertical extensions of the plungers.™ After this has been done any partiew ;
is éimply withdrawn from between the stahors. Each rotor presents a scalloped edge to Iacilitaie

 mecianism, In setting the rotors to an initial position they may be turned in one direction only -~
tue |front. of tiae cryptograph, in Cryptograph MC-164. In Cryptograph MCG-1l64~A rotors may be turned in either
detion by pulling forward the rotor-release lever. If a rotor is to be advanced only a few steps it ip
to-de so by depressing the button extension of the step-forward solenocid plunger located directly. .
hild- each rotor position. But if 3 rotor is to be advanced more than a few steps it is best %o d.epresa
button by a finger of one hand, move the rotor forward by the fingers of the other hand until within
two or three steps of the position desired, then release the rotor and complete its positioning by depreassing
the button. As regards electrical continuity through the combination of rotors and stators, there are 26
wires coiunected Lo each end stator and 26 circuits through the rotors nc matter in what position the rotors

happen to stop.  Therefore 26 through circuits are provided at all times even though the relationship of .
all circuits ig altered by any rotor movement.

Desceription of Rotors continued on Tab K.

1., 1nis does not apply to Cryptograph KG-J.&A»A, as a well has been cut in the cover t.o permit insertion
and ;remaval of rotors without removing cover.
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. TAB K
Converber H-134~A; Cryntograph MC~164-A

Hotor Stepping Rsmniam
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~- . Deseription of Rotors continued from Tab d.

Rotors SG-15. - Each converter is also provided with a second set of 5 rotors which are to be used only

for CONFIDENTIAL messages. These rotors are wired differently from Hotors SG-l4, and their metallic rims .
are different in color from Rotors SG-l), to make them easily distinguisuable. The short title SIGLIG

~ .should be written in India ink on the inner face of each rotor, near the identifying number. The nature and

functionp of Rotors 8G-15 are the same as those of Rotors SG-14, and no further deacription is necessary.

Pluk and Jack Strip. (Reference photograph opposite and Tab 0) - Five plugs, cords and jacks are con-
nected the five cirecuits betwecn the tape transmitter contacts and the rotor stepping solencids. The
plugs arp connected to the tape transmitter contacts and are nusbored accordingly from 1 to 5 inclusive.
The jackp are connected to the rotor solenoids and are also numbered respectively from 1 to 5 inclusive.

.When the| connections at tnis strip are direct; j.e., cords 1, 2, 3, &, 5 coanected to jacks 1, 2, 3, 4, 5,
respactiyely, then the lst rotor stepping solenoid at the left as one stands facing the eryptograph is
-eontrolled i by, the transmitter pin nearest the observer. The plug and jack connections must be established:
and cha a?écarding to special keying instructions, aiuce they serve to extend the cryptograpiic secwr&tﬁ
of the e . o

Rota ‘i';q':apging Mechanisn. (Reference photograph oppaaite. ) FEach of the five rotors is equipped n‘ﬁh
aa individua) stepping mechanism comprising a solenoid, tension spring, step~forward pawl and location . .
roller; |?he individual solenoids are controlled by the contacts of the tape transmitter. When a contagt |

closes the tﬁrcuit thmug,h a given solenoid, that solencid draws down its plunger, building up tension ;ln

seciated rotor. Upnn de-energization of the magnét the energy stored 1:1 the sprinﬁ is delivered

to advange the rotor one position through the step-forward pawl, which is disengaged following this action,.)

r:iller and arm are combined with the step-femard action in such a manner that a definite step -
position for‘i the rotor is established. Tus roller is positioned beneath the rotor and falls into the . =~
ge on its periphery. The step-forward solemoid plungers are extended through the cover of the
eryptog ph to buttons which can be used to step the rotors forward manually one step at a tinme, or to

permit the manual disengagement of the pawls from the roters in order to facilitate then.r rota.tion many
steps at|a tiue, as noted above, . ,

Continued in Tab L.
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TAB L
Convertor I=134~4, Typewriter MC-1T74-A
Showing Space and Carvdags Return Contacts
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Continued from Tab K.

Automatic Carriage Return and line Feed Action. - The typewriter carrisge in progression from right
to left operates a warning bell signal three characters prior to automatic carriage return in Typewriter
1iC~174, and five characters prior in Typewriter MC-174~A. At the end of the line a stud at the end of
Athe tabulating rack closes the carriage-return contact which completes a circuit to snergize the carriage-
retum solencid. This seolencid operates to perform the carriage-return and line-feed functions simultan~
. Th:v.s function is, of course, sutomatically performed regardless of the position of the anclpner-

z Action. - Every sixth detent of the typewriter tabulating rack closes the spacing
contapt wiich is mounted on the rear of the typewriter. With the reversing switch in ENCIPHER position,
euit is then completed throush the typewriter space-pole, smgle-thrw switch which forms one elemenk
of the zang rsveraing switch, to the tabulating-rack spacing contact and back to power. The space bar . | .
¢ typewriter is thus operated at every sixth detent of the tabulating rack, and the characters in thy '
eryptggram are printed in groups of five. With the reversing switch in DECIPHER position the ¢ircuit i~
openeqd by the single-pols, smgle-—tam switch, so that closing of the spaemg contant on the crypwgrapk SN
doca ot énerg:.za the space~bar solenoid. R

~
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Continued from Tab L.

Rectifier RA~23. - (Refersnce photograph opposite and Tab N.) For installations where commercial a.c.
is the only power available, Rectifier RA-23 is used as a dource of d.c. for operating the converter. This
rectifier has a rating of 500 watts at 115 volts d.c. and operates on 60-~cycle a.c. The input transformer
is provided with taps for operation on 110, 115 or 120 volts a-c supply. The rectifying element consists of
a t7pe EIHC vacuum tube, manufactured by Electrons, Inc., 127 Sussex Avenue, Newark, N.J. To put the
rectifier| in service remove the screws on the right-hand edge of the cover and open the hinged section,
Measure the voltage of the a-c supply, then determine that the input transformer is connected at the proper
tap. Insprt the vacuum tube in the sockst and replace the cover. HMale certain that the rectifier switch is
in the "OFF" position before plugging the cord into an a-c outlet. Operate the switch to position "1% and
allow :.t; o remain in that position for at least thirty seconds before advancing it to position "2." This
will allew the filament of the vacuum tube to heat before voltage is applied to the plate. Some of the ,
rectifiers anp equipped with a two-position switch and a time-delay relay. After the switch has been <}~
“position "2" the converter power cord may be plugged into the rectifier outlet receptacle an ‘
the conw P ' operated in the manner described in Section II, "Operating Instructions for Converters ~154
and !&-».131; A% (short title: SICKOC). Tae rectifier should normlly veguire no further attention no adjutta

ment, - In|the event that the rectifier output fails, examine the lO-ampere fuses which are provided in egeh
side of bpth:the input and output circuit for protectmn against overloads or short-circuits, If a fuse
has nédt blown, check the vacuum tube to make certaih that it is making good contact in its socket. If t&er 1

tube appx‘sk to be defective it should be replaced with one which is known to be operative. Tae rectifi#r,-;
switeh shguld always be thrown to the "OFF" position when power output is no longer desired. A wiring

- diagram of t.ne rectifier is attached to the inside of the cover. A =
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TAB I
© Rectifier RA-23
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For description of Rectifier RA-23 (pictured opposite
with eover opened) see Tab M. ’

tinued in Tab O.
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Continued from Tab W, 7 1111 |-

Pluz and Jack Strip. (Reference Tab J for desecription.)

, Slow Relesgg Relay, (Reference photograph opposite and Tab R.)

The function of this relay is to hold the rotor stepping solencids
energized for a sufficient length of time to insure complete plunger travel
and subsequently to clear the c¢ircuit to the nomal or open state, This
relay has a resistance of 1300 chms and is equipped with a copper slug

for slow-ralease action. The ¢ontacts are an application of the Burgess
inclosed~type micro-switch, Thals switch has proved very dependable in
service and should require no attentioen. ’

. Slow gFrets Relay. (Reforence photograph opposite and Tab R.)
This relay is found only on Cryptograph MC-l64-A. Its chief funotion

is to insure that the magnet of the tape transmitter ia energized for a
sufficient length of time to advance the key tape to the next position.
If the operating time of thils relay is too short, faulty operation of
the eryptograph will result; if too long, the speed at which the crypto-
graph may be operated will be reduced. The relay is equipped with a
micro-adjustment to permit close regulstion of the time delay.

Continued in Tab P.
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- TABP
- Convarter M-134A ‘
Encipher~Decirher Reversing Switch
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‘ , nied beﬁtath-tne koy’ooard of the cryptograph -and
is oporaﬁed by a lever at the front. This switeh acts primarily as &
combination of 26 double-pole, double-throw switches in the 26 circuits
from the key contact jaws through the rotor and stator assembly to the
typewriter solenoids. Its function is two-fold: (1) to disconnect the
automatic spacing feature of the typewriter; (2) to reverse the connec-
tions from the left and right stators with respect to the keyboard con-
tacte of the cryptograph and solencids of the typewriter so as to produce
the enciphering-deciphering reciprocal relationship for which the converter
is designed. The first feature has already been discussed in Tab

b. 4s an example of the second featurse, and as shown in the photograph
opposite, with the switech in the ENCIPHER position, operation of the "AM key
results in the printing of a "G," With the rotors in the same position
and the ewitch in the DECIPHER position, striking the "G" key results in
the pr:i.w:d.nb of an "A," In addition, the reversing switch contains extra
contagts wnich function in encipherment to print the cipher text in regular
groups of five characters, and in decipherment to print the plain text in’
the original worl lengths, These extra contacts function as two single-pols,
single~-throw switches and -one single~pole, double~throw switch, One single-
pole, single~throw switch connects the space-bar contact.of the cryptograph
in parallel with the ®X" key contact when the switch is in ENCIPHER position
and breaks tais connection when in DECIPHER position. The other single~pole,
single~throw switch connects the typewriter space-bar solencids to the
- tabulating-rack spacing contact when in ENCIPHER position and opens this
¢ircuit when in DECIPHER position. The single-pole, double-throw switch
connects the "XM stud of the reversing switch to the typewriter "X" golsnoid
when in ENGCIPHER position and to the typewriter space~bar solenoids when in
DECIPHER position. Thus, in enciphering a message, the space bar of the
eryptograph is operated whenever a space occurs in the plain text, as in
conventional typewriter operation, producing the same resultant in the
cryptogram as would have been produced if the ®X" key had been operated.
In deeiphering the message a space will oceur wherever a space or an "X®
occurred in the original plain text.* The letters in the deciphered
messaze will therefore be sutomatically grouped in the original word
© "lengths, However, since in some cases what would appear to be a word .
space should really be the letter "X," in order to avoid possibility of
confusion or ambiguity, the double letter "QQ™ is used to replace the
letter "X" whenever "X" appears in the plain text of a message to be
enciphered. Similarly, on decipherment, whenever the combination "QQW
appears in the deciphered text it is understood that the plain-text letter
X" is intended, and in retyping the message the “QQ” will be replaced by
"X," Thus, SIQQEEEN will be the word SIXTEEN,

- T

T, When the switch e FATRE : : eryptograph
is dead. Depressing the spaee baér wzll consaquenuy have no effect at all.
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TAB

Converter M-13,~A
Tape Transmitter MG-185
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Continued from Tab P. . . . .- ..

WFLL T T !

¢. TWhen the switch is, sét mm.iy miduay hetween the encipher and
decipher positions the antire e&ypteﬁraph keyboard is "dead" but the type-
writer keyboard is "livé.% " Thid miy be useful at times when it is desired
to operate the keyboard of the typewriter without danger of actuabing the
" the eryptograph keyboard inadvertently.

Tage-Tranamitter C-185. (Reference photograph oppositae)
is unit is a modification of the Teletype Model X tape transmitter,

manufactured by the Teletype Qorporation, Chicsgo, Illinois, and used
commercially in printing telegraphy. This transmitter operates on the
basis of the Baudot or five-unit code perforated in a paper tape and is
constructed to establish five contact eembinatians in marking or spaeing
positions dependent upon the arrangement of code perforations in groups
trangversely disposed on the tape. There are 32 different permutations .
in the five-unit gode, as shown in Tab T (which is provided merely to
facilitate the preparation of special testing tapes when necessary).
The tape is provided also with a continuous series of perforatiens in
line longitudinally, their spacing being identical with the spacing
between code permutations, to permit progressing the tapé conaacubivaly
from one code permutation to the next. The tape transmitter is equipped
with a tape groove and gulde; a hinged retaining plate or latched die,
often referred to merely as the "latch," to permmit inserting the tape at
any desired permutation; a feed wheel uaich engages the feed holes of
the tape; five tape pins cenjunctive with the code perforations in the
tape and operative upon five contaet levers in marking-spacing positions,
and a magnet acting to depress all five tape pins from engagement with the
tape and to step the tape forward to the next code permutation by ratchet
movement of the feed wheel, after which the tape pins are released to
agsume their tapew-controlled positions. When a tape pin is held down by the
tape; that is, when there is no hole through which the tape pin can rise,
the associated contact lever is held against the spacing bus, UBhen a tape
pin is permitted to rise through a hole in the tape, the contact lever is
moved over to the marking bus. ‘

b. The function of the tape transmitter in the cryptograph is to
step forward the rotors in accordance with the code permutations in the
key tape., Bach code permutation in the key tape establishes, through
the tape pins and contact levers of the tape tranamitter, circuits
waich energize the solenoids of the selected rotors, causing the latter
to be advanced one step and leaving the nonselected rotors in position.
Each transmitter contact is connected in series with one of the step-
ping solenoids through a plug and jack and the contacts of the slow--
release relay. The selected rotor solenoids are therefore energized only
during the interval between the deenergization of the transmitter magnet

. and the opening of the slow-release relay contacts; i.e,, between the

release of a key of the cryptograph and the release of the slow-release
relay. Hence, it is important that the time-delay setting of the slow
releass relay ve sufficient for the purpose,

Continued in Tab R.- T f’;-._"':, PR
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TAB R |
~ Gomverter- 13-4
" Oryptograph: MO-164-4
- Wiring Diagran E
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. g+ Key tapes for use with the eryptograrh are issued by higher

' headquarters in a coordinated system of distribution described in

special instructions, The key tapes must be handled carefully so as

to prevent their damage, loss, or compromise. Tapes will be replaced

by the issuing authority from time to time as conditions of usage warrant.
Detailed directions foy their use in encipherment or decipherment are
issued in the special instructions referred to above.

d. The key tape is to be inserted in the tape transmitter with the
feed wheel of the tranasmitter engaging the feed holes of the tape, and
with the numbered s:.do of the tape up. Make certain that the initial
gett A 1@ _bench mark on the tape giide :Es correct.

' tape transmitter; i.e,, the gide adjacent
to t.hc bm: containing the fuse, and set flush in the side of the trans-~
mitter, will be found a button, This can be pushed inside the transmitter
to.gause the tape to step forward by mechanical action on the stepping
mschanism, This button will be found useful in setting the tape to a
specific position.

"""" i A" kay of the cryplograph
is depreasad » @ circuit is esta.bliahed from power through the A" key con-
tacts, thence through the "A" reversing switch to the "A" stud on the left
stator, thence through the rotors and intermediata stators and out at a
certain stud on the right stator, Assume this to be the "G" stud in the
present instance, The circuit iz then continued t¢ the "G" raversing
switch and through that switch to the "G" gsolenoid of the typewriter and
returned to power, with the result that "G" is printed by the typewriter.
b. Decipherment, - Vhen the "G" key of the cryptograph is depressed,
a circult is established from powsr through the AG" key contacts, threugh
- the rotors (which are, of course, in the same alignment as they were when
the letter "A™ was enciphered) and intermediate stators and out at the VAR
stud on the left gtator. The circuit is then continued to the "A" revers-
ing gwitch and thrdugh that switch to the "AY solaenoid of the typewriter
and returned to power, with t'.he result that "A" 1s printed by the typewriter.

Detalled Desoription of the Complete Cirouilt, :

: a. Encipherment. When, for axample, the PAR key of the cxyptogmph
is depressed, a circult is established from power through the "A% key

contacts, thence through the YA" reversing switch to the VA® stud on

the left stator. In the Oryptograph MC-l64-A this circuit includes the -

contacts of the slow-operate relay. Assume that the path through the

rotor assembly finally ends on the right stator at the X" stud, connect-

ing to the "XI™ reveprsing switch, The circuit is then continued through

the special switch pertaining to the "X" key (which switch is described

in detail later and is not a feature pert:l.nent. to the other keys) to the

Continued in Tab S.
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BX" solenoid of the olactrieal typm'it.er and t.henco retumed to powar
through the upper gontact of the cryptograph universal-bar gontact: come'.
bination, This combination is operated upon the depression of any key of
the cryptograph. In-the case of the Cryptograph MC-164~4 this circuit -
does not, inclyde the universal contact combination, When the typewriter
prints "X" the typewriter universal bar cperates to close itas gontacts,
completing a circuit through the lower contact of the cryptograph universale
bar combination to energize simultaneously the slow-relesse relay and the
tape transmitter magnet. In the Cryptograph MC-164-A this circult includes
the contacts of the slow-operate relay. The tape tranamitter now withdraws
its five pins below the surface of the tape puide and advances the taps to
the next permutation, Upon release of the "A" key of the Cryptograph MC-34)
(or when in Cryptograph MC-164-A, the slow-operate relay contacts open) the
typewriter "X" solenoid is de-energized, its universal-bar contact opens,
the universal«bar contact combination of the eryptograph opena, and the tape
tranamitter magnet is de-energized. The slow-release relay, however, is
deaigned to hold its contact closed for a brief interval after its coil

is de-energized. When the tape transmitter magnet reloases, it operates
he transmitter contaect tongues to marking or spaeing position, according
to the code permutations in the key tape. Circults are established from
powsr at SR through those contacts which have been operated to the marking
position to eneglze the associated rotor-stepping solenoids. Each
energized solenoid pulls down its plunger to tension a spring, and engages
its stepping pawl in a tooth of the rotor ratchet, Vien the slov-
release relay contact opens, the solenoids are dewnargized and the
associated rotors are advanced to the next position by spring action,

The erypboyaph i9 now ready for the next operation of the keyboard.

Decipherment. - In thoe preceding paragraph it was assumed

that atriking the "A" key of the cryptograph resulted in the printing

of an, "X" by the typewriter. Assume now that the key tape setting and
all rotor settings are unchanged, that the reversing switch has been
moved to DEGIPHER position and that the "X® key of the eryptograph is
depresased, A circuit is then established from power through the X%

key contacts, thence through the "X" reversing switch to the "X" stud

on the right stator and through the rotors and intermediate stators

to the "A" gtud on the left stator, In the Cryptograph MC-164-A, this
circuit includes the contacts of the slow-cperate relay. The circuit

is then continued through the "AY reversing switch to the "A% golenoid

of the typewriter, and baclk to power at SR through the upper contact of
the eryptograph universal~bar contact gombination, In the case of
Cryptograph MC~164~A, thia circuilt does not inciude the universal con~ -
tact combination. The typewriter prints "A" and its universal-bar contact
closes to complete a circult through the lower contact of the crypto raph
universal~bar contact combination to energize the slow-relsase relay

and the tape transmitter magnet simultanecusly. In Cryptograph MC-164~4,

Continued on follbw_.
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tade cireuit includes the contacts of the almgurabe relay. The taps o
transmitter then withdraws its five pins and advances the key tape.

Upon release of the ®X* key of the cryptograph {or in Cryptograph :
MC-164-A when'the slow-dperate relay contacts open), the "A® solsnoid - -
of the typewriter is de-energized, the typewriter universal-bar contacb '
opens and the eryptograph universal-bar contaét combination opeéns. ‘
Tae tape . ‘transmitter macnet then releases and campletes circuits to

the same rotor-stepping solenoids which were energized in the process of
encipherment. Wiren the contacts of the slowsrelease relay open, the
selected rotors are advanced cne step, The manner in whieh the circuits -

ars completed md the ssquence of opumbinn ax'o t.ho same as in encipher-—' :
mtn
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Converter ¥~-134~A, Typewriter HC-174-A-
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Keying Unit M-229
(Short title: SICCO0)
(Plan View) .
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Keying Unit M-229
(Short title: SIGGOO)
(Rear View)
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Keying Unit M-229-T2
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SIGNAL CORPS U.S. ARMY

KEYING UNIT M-229-T2
SERIAL NO. 18 MADEO;DYER NQ. 8658-SCL~-42

WALLACE & TIERNAN PRODUCTS INC.
‘ BELLEVILLE NEW JERSEY (P
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SIGNAL CORPS TECENICAL COMMITTEE

1.

MEETING NO. 146

SUPPLEMENTAL MINUTES

In addition to the matters acted on and reported in Mimates

of Signal Corps Technical Committee Meeting No. 146, January 11, 1937,
the Committes took the following actions with respect to Converter
type M-134:

a. Military Characteristics:

(1) The Committee recommended that the following military

characteristics be adopted for Converter type M-134:

(2)

(b)

(c)

(a)
(e)

This machine should be designed for the fundamental purpose
of enciphering and deciphering messages with speed, accuracy,
and the highest degree of cryptographic security. Secondary
to these characteristics, there should be a minimum numbsr of
switches, keying elements, etc., which must be set before
proper operation can begin.

The cryptographic operations should be controlled by an exter-
nal element which is variable and is not an intrinsic part of
the mechanism 1tself, such as & perforated tape similar to
that employed in printing telegraph apparatus. The underlying
cryptographic principle should be that of a contimuous, non-
repeating, unintelligible or random-mixed key sequence of
characters governing the encipherment of successive letters.

The machine should consist of two units, (1) a cryptographic
unit hereinafter called the Mcryptograph", provided with a
standard typewriter keyboard, and (2) a recording unit suit-
able for making a prianted record of the work done by the
machine, preferably en electrically operated typewriter, here-
inafter called the Wtypewriter". The cryptograph is the part
of the mechanism in which the encipheringz and deciphering
operations occur; the typewriter is electrically associated
with the cryptograph and is to print the cipher text, in cgse
of encipherment, in S-letter groups, 10 groups per line; in
the case of decipherment, the typewriter is to print the plain
text, preferably in their original word lengths with proper
spacing between words.

The minimum speed of operation should be 30 words per minute.

The cryptograph and the typewriter should be mounted upon the
same base with fixed electrical connection between the two

unlts. A side-by-side arrangement of these two units 1s pre-
ferable to a tandem arrangement, so that the keyboard of the




(£)

(e)

(h)

ceryptograph as well as the keyboard of the typewriter are 'both
immediately in front of the operator.

The apparatus should be desigzned to operate on 110-volt, D.\G. ,
power source.

The weight of the cryptograph including its carrying case should
not exceed 50 pounds; that of the typewriter including its
carrying case 60 pounds. Both units should be rugged in construc~
tion and capable of withstanding jarring incident to transporta-
tion.

The entire assembly should be so comstructed that in case the
typewriter 1s out of commission for any reason, cryptographic
operations may be continued by means of electric light-buld
indicators on a lamp board on the cryptograph.

(1) There must be incorporated features to suppress interference with

radio receivers operated in the vicinity of the machine,

b. Standardization of Equipment:

(1) Acting upon the recommendation of the Chief Signd Officer,

the Committee recommended the adoption as to type and classification as
Standard of Converter type M=134.
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