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Application November 5, 1942, Serial No. 464,564 

This invention pertains to a system for instan 
taneously and continuously transmitting elec 
trical impulses corresponding to a multidigit 
number from a first station to a second station. 
The multidigit number may correspond to data. 

readings at one station. The multidigit number 
may also designate a called subscriber's station 
in a switching system such as a communication 
System, for instance. The multidigit number 
may represent gradations of shade in a picture. 
In fact, the multidigit number may represent a 
Very Wide variety of things and conditions de 
pendent upon the system where the invention 
herein is applied. 
An object of this invention is the improvement 

of Systems for transmitting data such as data rep 
resented by plural digit numbers from a first 
station to a second station. 
Another object of the invention herein is the 

instantaneous transmission of electrical impulses 
corresponding to multidigit numbers which may, 
for instance, represent observed data from a first 
station to a second station. 
A further object of this invention is the re 

duction in the number of channels required to 
transmit electrical impulses corresponding to 
multidigit numbers instantaneously from a first 
Station to a second station. 
A feature of this invention is the dividing of 

multidigit numbers representing data to be trans 
mitted between stations into a plurality of sub 
groups of digits, the number of digits in each 
Subgroup and the number of subgroups being 
chosen in such manner as to minimize the num 
ber of channels required for the instantaneous 
transmission of impulse in accordance with a 
permutation code to identify the multidigit num 
ber. 
A further feature of this invention is the sepa 

ration of a multidigit number into a plurality of 
Subgroups of digits, the assigning of a separate 
permutation code to each subgroup and the as 
Signing of a separate channel comprising a 
number of separate conducting elements corre 
sponding to the number of elements in each 
permutation code for each channel so as to per 
mit the transmission of electrical impulses cor 
responding to the multidigit number instanta 
neously between stations. 
Another feature of this invention is a channel 

comprising five conducting elements for the 
transmission at different times of permutation 
codes defining a single digit number and em 
ploying only four of the five conducting ele 
ments and at other times of codes defining a tWO 
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digit number and requiring the employment of all 
five conducting elements so as to separately con 
trol apparatus individual to the single digit 
number and apparatus individual to the two 
digit number. 
Another feature of this invention is the dis 

abling of the apparatus controlled in response 
to the signal elements defining the single digit 
number when signal impulses intended for the 
control of apparatus responsive to the two-digit 
number are transmitted and Vice versa. These 
and other features of the invention will become 
apparent from the following detailed descrip 
tion when read with reference to the associated 
drawings in which: 

Fig. 1 represents a drawing in Schematic form 
showing two observing stations which are as 
sumed to be located at points where observations 
are made and translated into data to be trans 
mitted over direct current telegraph circuits 
connecting each observation circuit with a cen 
tral station; 

Fig. 2 shows the apparatus and wiring at a 
single observing station used in observing data, 
at the observing station and transmitting elec 
trical impulses corresponding to the data to the 
central station; 

Fig. 3 shows one set of apparatus at the cen 
tral station which is required to decode and re 
cord the data transmitted from one observing 
station; 

Figs. 4, 5 and 6 are code charts used in ex 
plaining the operation of the apparatus per Fig. 
2 and Fig. 3. 

General 

In one of its applications, the invention herein 
may be used in a data transmission system for 
observing data at one point and instantaneous 
ly translating the data into electrical impulses 
which are instantly transmitted to a central sta 
tion. Such systems may be used, for instance, 
in determining the range and angular position 
of a target. In one system of range finding, two 
observing stations are located at the extremities 
of a base line of known length. The target is 
sighted through a rotatable telescope rigidly se 
cured to a rotatable ring, the position of which 
with respect to a fixed point is indicated on a 
scale in terms of degrees and hundredths of a 
degree. A reference line such as a north-south 
line and having a fixed angular relation to the 
base line at each observing station, fixes the 
position of the fixed point at zero. The angular 
displacement of the telescope when directed at 
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the target establishes the line of direction of the 
target with respect to the base line. The inter 
section of the lines of sight at the two observing 
stations fixes...the-position of the target. 
In the invention herein, it is possible to trans 

mit instantaneously and continuously from each 
observing station to the central station electrical. 
impulses corresponding to any number from 0 
to 2000 to represent any one of two-thousand 
positions within a 20-degree angle. In this.sys 

ter, rotates also about its own center. 

tem, the circle at the center of Which each ob-, 
serving telescope is fixed is divided into eighteen: 
equal segments, each consisting of twenty de 
grees. When the telescope is directed at, altar. 
get, the particular 20-degree zone within which. 
the target is located will first be determined by: 
the attendant visually and the number of par 
ticular 20-degrees zone will be transmitted to 
the central station over Some complementary 
facility, such as a telephone circuit or a separate 

The particular degree, and, 

4. 
28, while revolving about spindle 26 as a cen 

The ratio 
of the gear 2 to gear 299 is such that shaft 208 
rotates about its OWn axis. Once. While revolving 
through twenty degrees about the vertical axis 
of the telescope. Secured to shaft 298 are 5-de 
gree cams 2 to 25, inclusive. The five cams 
control five followers 2: 6 to 22, inclusive, which 
when actuated by their respective cams supply 
ground through individual contacts. The 5-de 
gree cams. 2, to 2-5 are arranged to close their 
individual contacts in accordance with a pernu 

5. 

hundredths of, a degree; positions. Within each 
20-degree segment, as determined by the-line of 
sight; of the telescope, directed at the target, Will 
be automatically translated into electrical ims.- 
pulses- which are transmitted instantaneously to 
the central station: where; the impulses are-de-- 
coded and the data-indicated. - 

In this system, it is to be understood, as men 
tioned above, that one; observing, station and one 
set of equipment slach as Fig. 2.- will be located at 
each end of the base line. Two sets of equipment 
such as Fig. 3 will be located-at-the-centralista 
tion: The equipment: at; each observing-station: 
is identical. The equipment required for decod 
ing and recording the impulses; received from 
each observing station is identical. In the-de 
scription-to-follow, the manner-in-which one set. 
of observing equipment; at... one... end of a base 
liner functions and the -manner in which one-set 40 
of decoding and recording-equipment at the-cera. 
tral stations functions will be described. It is to: 
be understood...that the: equipment at the second 
observing station, and the corresponding decode, 
ing, and recording equipment at the-central sta 
tign functions-in-the identical manner. '. 

Refer now to Fig. 2. A telescope: 20 is di 
rected at the -target. The particular 20-degree 
zones- within which the line is located - is made: 
knownto the attendant at the central station-by 
means of a separate telephone or telegraph-cir. 
cuit. Once the target is sighted the telescope 29 
is continuously directed at the target-by the ob 
server who will turn the vernier crank: 202 in 
such manner as to maintain the line of sight 5: 
through the telescope on the target. As the 
Vernier crankisi turned, the telescope, is rotated 
by means; of Worm:203- which engages with werm 
gear 204ion a disc 295 to which the telescope 2.0 - 
is-rigidly secured by means of spindle 206. One 
complete rotation of the vernier shaft turns the: 
telescope through one degree through gearing 
having a ratio of 360 to 1. As the telescope is 
rotated the radial horizontal arm. 297 is rotated 
with it. The outer end of radial-arm 207 forms 
a bearing and support for vertical shaft 208. A 
pinion. 209 is secured to shaft 208 in position-to 
engage ring gear 20, which is rigidly-secured to a 
tripod (not shown) used to support the observing. 
instrument, and its associated mechanisms. 
As the vernier, crank is turned; the disc or 

platform. 205 supporting the telescope. 20 f is ro 
tated. Radial arm 207 is rotated revolving the 
Vertical shaft. 208. As the shaft 208 revolves, 

y 

tation code, so as to transmit twenty different 
combiaations of inpuses for each rotation of 
shaft 23 to identify each of the 20-degree di 
visions within each of the eighteen sectors into 
which the circle, is assumed to be divided. Each 
of cams 2 to 25 therefore is divided into twen 
ty, equal segments arranged to either open or 
close its respective contact to provide twenty dif 
ferent combinations...for each revolution of shaft 
28, to define-each of the twenty. degrees as indi 
cated in Fig. 6. Mounted on the horizontal 
crankshaft, are: five canasa numbered 224 to 225, 
inclusive: Four of these cams: 22 to 224, in 
clusive, are used in transmitting-impulses corre 
Sponding to the tenths. Of a degree within reach 

30 

45 
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degree. The fifth can, cam 225, is used in oper 
ating, a switch the primary function of which is . 
to keep the degreeinformation separate from the 
tenths of a degree information. The manner in 
which this functions will be explained in detail 
below. At this. point, however, attention is 
called to the fact that the sagne five-cenductors 
226-to-236, inclusive, which taken together, con 
stitute a channel arranged to transmit instan 
taneously impulses defining any of thirty-two 
numbers is used at separate times to transmit: 
impulses, defining any of the twenty, degrees 
Within a particular sector and any of theatenths' 
of a degree within each degree. It is peinted. 
out that in order- to... tracas) init twenty different 
sets of impulses corresponditag to, twenty dif 
ferent degrees; and tex different sets of impulses 
corresponding to the tenths: of a degree within 
each degree, if it is to be done in each instance: 
instantaneously, a channel capable of providing 
for the transmission of thirty different sets of: 
inpulses, naust: be provided. The five-conductor 
channel comprising conductors, 225, to 233, in 
clusive, can transmit instantaineeusly any one of 
2 or thirty-two different sets of impulses to 
define thirty-two numbers. Only: thirty of these, 
Will be employed, however. Twenty of these 
Sets-of-impulses. Will-define twenty equal steps in 
the rotation of cams 2 - to 2.5, inclusive; 
through each 20-degree Zone. Ten of the char 
acters will define ten equal divisions in one rota 
tion of Vernier crankshaft 2-2. Crank. 22-ins one 
complete rotation: turns, telescope- 23 - through 
one degree. The-ten divisions are equal, each de 

0. 

fining a tenth of a degree. 
A separate channel is devoted to the transmis 

Sion of impulses defining the ten one-hundredths 
of a degree in each tenth of a degree. The 
channel comprises four conductors: 236 to 239;in 
clusive. By means of the four; conductors, it 
Would be: possible to transmit instantaneously, 
any of Sixteen different sets of impulses, defining 
sixteen numbers or characters. Only ten of 
these are required to transmit impulses defining. 
ten: different hundredths of a degree. As crank 
shaft 202, rotates through one-tenth of a revolu 
tion, ten different sets of impulses, each define 

pinion. 209. engages ring gear 2 (0. Thus shaft 7 ing. a different hundredth of a degree, are trans 

  



5 
mitted over conductors 236 to 239, inclusive, 
through the operation of cams. 23 to 234, in 
clusive, each of which actuates its individual 
follower to close an individual contact to ground 
in accordance with the assigned code. 
Attention is particularly called to the fact that 

One complete revolution of vernier crank 202 ro 
tates telescope 20? through one degree. It would 
appear desirable, therefore, in coupling a shaft 
through gearing to the vernier shaft for con 
trolling the transmission of impulses to define 
each of ten-hundredths of a degree to provide 
gearing having a ratio of ten to one so that the 
hundredths of a degree shaft would make ten 
revolutions for each revolution of the vernier 
shaft. For reasons which will be made appar 
ent below, the shaft on which the hundredths of 
degree cams are mounted is coupled to the ver 
nier shaft through gearing having a ratio of but 
five to one so that the hundredths of a degree 
Shaft revolves but five instead of ten times for 
each revolution of the vernier shaft. For each 
revolution of the hundredths of a degree shaft, 
therefore, the Wernier shaft rotates through 
twenty one-hundredths of a degree. During this 
interval, twenty sets of impulses, each defining 
a different one-hundredth of a degree, are trans 
mitted over conductors 236 to 239, inclusive. 
While the hundredths of a degree shaft 240 ro 
tates through the first half of a revolution, which 
corresponds to ten one-hundredths of a degree, 
ten different sets of impulses, each defining ten 
different one-hundredths of a degree, are trans 
mitted over conductors 236 to 239, inclusive. 
While shaft 24) turns through the second half 
of a Single rotation, ten more sets of impulses 
each defining ten different hundredths of a de 
gree are transmitted, making a total of twenty 
hundredths of a degree. Each of canns 23 to 
234 is divided into twenty equal segments. 
Each segment will either raise its respective cam 
follower to close its contact or permit it to re 
main in the lowered position. By means of the 
four conductors 236 to 239 and the four sets of 
cams 23 to 234 it would be possible to transmit 
instantaneously any one of 2 or sixteen combi 
nations of signal impulses resulting from the 
open or closed conditions of each of the four 
contacts. It is necessary to make use of only 
ten of these sixteen possible combinations to de 
fine each of ten-hundredths of a degree. As 
shaft 240 turns through the first half of each rev 
olution its four cams 23 to 234 set up ten differ 
ent combinations of closed and open contacts to 
define ten different hundredths of a degree as 
indicated in the code chart per Fig. 4 in the top 
ten lines of the box. As indicated in the first 
line for the first position, all contacts are open 
Since none of the four rectangles in the first line 
is cross-hatched. For the second position, when 
shaft 240 has turned through one-twentieth of 
a revolution contact 242 closes. When shaft 240 
turns through another twentieth revolution, con 
tact 243 also closes. As shaft, 240 turns through 
each Successive twentieth of a revolution, con 
tacts 24 to 244 close or open as indicated in Fig. 
4. It is particularly pointed out that only ten 
distinctive code combinations are employed. 
Each of the ten combinations which is employed 
is used twice to define each of twenty-hun 
dredths of a degree. It is further pointed out 
that when the combinations are repeated they 
are repeated in reverse order. That is to say, 
the cam cuttings in the eleventh position instead 
of being the same as in the first position are the 
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Same as in the tenth position. This may be seen 
from reference to the tenth and eleventh lines 
from the top in Fig. 4. The cam cuttings in the 
tWelfth position instead of being the same as in 
the second position are the same as in the ninth, 
etc. The cuttings of the first position are not re 
peated until the twentieth position is reached. 
The reason for this will be made apparent below. 

Transmission of hundredths of a degree 
information 

The manner in which the hundredths of a de 
gree information is transmitted from the observ 
ing Station to the central station will first be de 
Scribed. - 
When cam 23 raises its follower, a circuit is 

closed from ground through contact 24, conduc 
tor 236 and the winding of relay 30 to battery 
operating the relay 3 to engage its M contact. 
When cam 232 raises its follower a circuit is 
closed from ground through contact, 242, conduc 
tor 237 and the winding of relay 392 to battery, 
operating the armature of relay 302 to engage its 
M. contact. The Winding of relay 396 is connect 
ed in parallel with the winding of relay 302. Its 
Cperation will be described below. When cam 
233 raises its follower a circuit is established from 
ground through contact 243, conductor 238, 
winding of relay 303 and the left-hand winding 
of relay 395 to battery, operating the armature 
of relays 303 and 305 to engage their respective M 
2Ontacts. Relay 305 is not directly involved in 
the transmission of hundredths of a degree in 
formation and its function will be described more 
fully later. When cam 234 raises its follower, a 
circuit is established from ground through con 
tact 244, conductor 239 and the winding of relay 
34 to battery, operating the armature of relay 
334 to engage its M contact. A parallel circuit is 
also established extending through the winding 
of relay 307 to the S contact of relay 308, the 
function of which will be explained below. 

Relays 30, 302, 303 and 304 control the selec 
tive connection of battery 309 through a fan cir 
cuit extending through the armatures and con 
tacts of relays 30, 32, 303 and 304 to ten con 
ductors, numbered 3 to 320, inclusive. Each of 
conductors 3 to 320 has ten parallel branches, 
each extending to the top terminal of a lamp. 
The lamps are arranged in ten banks of ten. 
Each of the ten conductors has one branch ex 
tending into one lamp in each group of ten lamps. 
As thus arranged, as cans 23 to 234 actuate their 
followers in accordance with the ten codes in the 
top ten lines of Fig. 4, relays 30 to 304 will be 
operated or released correspondingly to connect 
battery 309 in turn to the ten different conduc 
tors 3 to 320 and through each of the ten dif 
ferent conductors simultaneously to the top ter 
minal of each of ten lamps connected in parallel 
to each conductor. One lamp in each bank of 
ten lamps will thus have battery connected to its 
top terminal for each of the ten codes during the 
first half revolution of shaft 240. The same lamp 
in each bank of ten lamps will also have battery 
connected to its top terminal as shaft 240 turns 
through the second half of its revolution and 
actuates cams 24 to 244 in accordance with the 
same code in reverse order. It is particularly 
pointed out that battery is supplied to the top 
terminals of each of the hundred lamps twice 
during One complete revolution of shaft 240 and 
that if a steady ground were connected to the 
opposite terminal of each lamp, one lamp in each 
bank of ten would light simultaneously. Ten 
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lanps, one in each bank of ten, Would first light. 
Then as the code changed ten other lamps, One 
in each bank of ten, would light until each of 
the ten lamps in each group of ten had lighted 
as shaft 240 rotated through one-half revolution. 
Then the operation would be repeated, so that if 
a direct ground were connected to the botton 
terminals of all of the hundredths of a degree 
lamps, there would be two hundred lamp light 
ing operations as shaft 240. turned through one 
revolution representing twenty-hundredths of a 
degree. Only twenty lamps are in fact lighted, 
one lamp at a time, to define twenty one-hun 
dredths of a degree change for each revolution 
of shaft 24. This is performed by connecting 
ground selectively to the proper group of tens 

O 
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lamps in each bank, under control of cams. 22 
to 224, which define the tenths of a degree. The 
manner in which this is performed will be ex 
plained below. 
The chain circuits through the contacts of re 

lay 39 to 304 corresponding to various codes per 
Fig. 4 will now be traced. It is assumed that the 
arnature of relays 30 to 304 are actuated to their 
respective M contacts when cam contacts 24 to 
244 are closed and that the contacts are closed 
by raised surfaces on cams 23 to 234 in the cross 

a hatched positions in Fig. 4. It is assumed that 
the armatures of relays 3 to 304 are open and 
that the contacts are open by depressed Surfaces 
on cams 23 to 234 where positions are not cross 
hatched in Fig. 4. 
In Fig. 4 four vertical rows from left to right 

represent the condition of cam contacts 24 to 
244, respectively, whether open or closed. There 3 
are twenty horizontal rows in Fig. 4 correspond 
ing to the twenty equal segments into which the 
peripheries of cams 23 f to 234 are divided. In 
stead of being numbered from 0 to 9 and then 
repeating from 0 to 9 the horizontal rows are 
numbered 5, 6, 7, 8, 9, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, 
1, 2, 3, 4. The reason for this, as will become more 
apparent below, is that the code for the degrees, 
controlled by contacts 26 to 220 is transmitted 
from the observation station during the interval 
while the hundredths cams are in the Zero region 
and it lessens the danger of interference if no 
changes in the ground connections, to the ten 
banks of ten lamps, under control of cams 22 
to 224 are made in the Zero region. Therefore 
the hundred lamps are separated into groups of 
ten, as indicated in Fig. 3, between 04 and 05, 14 
and 5, etc., to 94 and 95. - 
As indicated in Fig. 3, the first group of ten 

lamps are numbered from 95 to 04. It will be 
shown that ground is connected to this bank of 
ten lamps when cams 22 to 224 are in the position 
indicated in Fig. 2. That is to say, when the con 
tacts associated with cams 22 f to 224 are all open, 
the tenth degree relays. 32 to 324 controlled by 
these cams are in such condition that ground is 
connected to lamp bank numbered 95 to 04. 
Therefore during the first half of the first revo 
lution of shaft 249, ground is connected to lamp 
bank 95 to 04. During the second half of the 
revolution of cam shaft 249, ground will be con 
nected to the bank of lamps numbered 05 to 14. 
During the first half of the second revolution of 
shaft 260 ground will be connected to lamps 15 to 
24. During the Second half of the Second revolu 
tion, ground will be connected to lamps 25 to 34, 
etc. Relays 32 to 325 will be operated under 
control of cams 22 f to 224 in accordance with the 
code indicated in Fig. 5 to effect these changes. 
At the left of Fig. 4. therefore the numbers 95-04 
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8 
appear opposite the top ten lines-numbered 5; 6, 
7, 8, 9, 0, 1, 2, 3, 4 indicating that lamps 95, 96, 
97, 98, 99, 100,101, 102,103 and 104 are controlled 
in sequence by can cuttings, arranged in accord 
ance With the pattern in the first ten positions 
in sequence on cans 23 to 234. Numbers 15-24, 
35-44, 55-64, and 75 to 84 opposite the same top 
ten lines indicate that lamps so numbered are 
also so controlled. Numbers 05-14, 25-34, 45-54, 
65-74 and 85-94 opposite the bottom ten horizon 
tail lines in Fig. 4 indicate that lamps so num 
bered are controlled by cam cuttings arranged in 
accordance with the pattern in the second ten 
positions on cams 23 to 234. 

Refer now to the code indicated by the top line 
of Fig. 4. No raised Surfaces are indicated for 
any can. Relays 3 to 34 are all released. For 
this condition all of their armatures engage their 
respective S contacts. A circuit may therefore 
be traced fron battery 389 through the S contact 
of relay 354, S contact of relay 383, "S contact 
of relay 332 and 3S contact of relay 3C to con 
ductor Si3 which connects to lamp 95. 
The inext code requires the operation of relay 

382 and the release of 38,383 and 384. The cir 
cuit ray be traced from battery 399 through the 
S contact of relay 394, S. contact of relay 303, 
M contact of relay 362 and the 2S contact of 

relay 3 to conductor 3. This connects to 
lamp 96. 
The code shown in the third line of Fig. 4 calls 

for the operation of relays 362 and 303 and the 
release of relays 32 and 394. A circuit may be 
traced from battery 389 through the S contact 
of relay 365, M contact of relay 383, and the IS 
contact of relay 35 to conductor 3 2 which con 
nectS. to lanp 97. If the circuits corresponding 
to the remainder of the codes indicated in the 
next seven lines in sequence are traced they will 
be seen to connect battery 399 to the top termi 
nal of lamps 98 to 04 in sequence. 

Durig the interval while shaft 238 is rotating 
through the first half of its first revolution it will 
be shown below that a common ground is con 
nected, as a result of the operation of the tenth 
degree cams, to lamp bank 95 to 04 in parallel, so 
that each of these lamps lights in sequence. 

fter Cornpieting the first half of the first revo 
lution, when shaft 240 rotates into the eleventh 
position of its twenty positions for the first cam 

- Setting for the Second half of its rotation, refer 
ence to Fig. 4 indicates that there is no change in 
the settings of the cans from the settings for the 
tenth position. In the tenth position contact 
24. Only is closed. The other contacts are open. . 
Relay 3: only is operated in the tenth position. 
The circuit for this condition may be traced from 
battery 309 through contact S of relay 304, con 
tact S of relay 313, contact S of relay 392 and 
contact 3M of relay 38 to conductor 3 5. Con 
ductor 355 conjects to lamp (4 in the first bank 
of ten lamps. The setting of the hundredth de 
gree cams, as indicated in Fig. 4, does not charage 
between the tenth and eleventh position of the 
twenty positions on cams 23 to 234. Battery will 
therefore remain connected to conductor 3 5 for 
each transition between the tenth and eleventh 
Settings of the cams as the cam settings are the 
Same and do not change in any way. As a result 
of this, it is necessary to change the ground con 
nections Only on changes from 04 to 05, 4 to 15, 
24 to 25, 34 to 35, 44 to 45, 54 to 55, 64 to 65, 74 
to 75.84 to 85, and 94 to 95. 
The bottom line in Fig. 4 shows that the code 

for lamps. 14, 34, 54, 74 and 94 requires that all 



2,406,384 
9 

four of relays 30 to 304 be released. If the path 
for this condition is traced it may be seen to 
extend from battery 309 through contact 3O4S, 
contact 363S, contact S of relay 302 and con 
tact 3S of relay 30 to conductor 36. The top 
line in Fig. 4 shows that the code for lamps 15, 
35, 55, 75 and 95 and therefore the setting of the 
relays and the connection of battery to the con 
ductor is the same as that for lamps 14, 34, 54, 74. 
and 94. Conductor 36 is shown connected to 
lamps 14 and 15, 34 and 35, 54 and 55, 74 and 75, 
and 94 and 95. Reference to Fig. 3 shows that 
lamps 4, 34, 54, '74 and 94 are each the last lamps 
in Various banks of ten, while lamps 15, 35, 55, 75 
and 95 are each the first lamps in COrresponding 
Succeeding banks of ten. No change therefore is 
required in the Settings of the relays and in the 
chain circuits from battery to the top terminal 
of each of these lamps for transitions between 
them. The transition requires a change in the 
ground connection only between the common con 
ductors connected in multiple to the bottom ter. 
minals of the particular groups of ten lamps af. 
fected by the transition. 
Operation of circuit for indicating transition be 

t2Ueen tenths of a degree 
Transitions between tenths of a degree effect 

changes in the settings of contacts individual to 
cans 22 to 224 in accordance with Fig. 5. The 
table at the left of Fig. 4 indicates the tenth de 
gree Zones defined by can settings in the corre 
sponding ten lines of Fig. 5. Instead of dividing 
the tenth degree zones between 99 and 100, 9 and 
10, etc. the zones are divided between 94 and 95, 
04 and 05, etc. as indicated in the table to corre 
Spond With the lamp groupings described above. 
As cam contacts 22 to 224 are closed and 

opened, in accordance with the codes per Fig. 5, 
relays 32 to 325 are operated and released from 
ground through the cam contacts, conductors 226 
to 229, respectively and the windings of the relays 
32 to 325 to battery. 
Attention is called to the fact that conductors 

226 to 229 are only four conducting elements of 
a channel consisting of five conducting elements. 
The fifth conducting element, conductor 230, is 
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not employed in transmitting any of the codes 
for the tenths of a degree. Reference to the 
right-hand vertical column in Fig. 5 discloses that 
the fifth conductor, conductor 23, remains in the 
open condition for each of the codes assigned to 
the tenths of a degree. Codes requiring the clos 
ing of conductor 23) are assigned only to degrees. 
This may be seen in the right-hand vertical col 
umn of Fig. 6. 
A number of the circuits established by the op 

eration of the tenth degree cans Will now be 
traced. - 

The top line in Fig. 5 indicates that all of cam 
contacts 22 f to 224 are open for the tenth degree 
Zone starting at each ninety-fifth hundredth of a 
degree and ending at each fourth hundredths of 
a degree or 95-04 as indicated in Fig. 5. When 
ever tenth of a degree codes are transmitted con 
ductor 23 is open as indicated in the right-hand 
column of Fig. 5. Why it is open will become 
more apparent below. For this condition there 
fore relays 32 to 325 are released. When all of 
these relays are released, the path leading from 
the parallel branches connected to the M contact 
of relay 305 and the S contact of relay 306 and 
extending through contact 325S, contact 324S, 
contact S of relay 323 and contact 2S of relay 
322 is open at the 4S contact of relay 32 . So 
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no matter what the condition of relay 35 or 306, 
relay 308 will be released for this condition. Ref 
erence to relay 308 shows that battery is perma 
nently connected to the left-hand terminal of its 
Winding. To Operate the relay ground must be 
Supplied through the chain circuit to the right 
hand terminal of the winding. When relay 308 is 
released, ground is supplied through its upper 
armature and S contact through conductor 340 
to lamps 95-04 in parallel. 
While ground is connected in parallel to lamps 

95-04, each of these lamps will be lighted in se 
quence as the vernier is turned through corre 
Sponding positions for each degree. . . . . . 

Reference to the Second line of Fig. 5 shows 
that for the second tenth-degree zone, that is, for 
the ten of a degree beginning at five-hundredths 
of a degree and ending at fourteen-hundredths of 
a degree, or 05-14, cam 22 operates relay 32. 
Relays 322, 323, 324 and 325 are released. Relay 
306 is released during the transition from 04 to 
05 because, as shown in lines 10 and 11 of Fig. 4 
the periphery of can. 232 is depressed during this 
interval. Therefore ground is connected through 
the S contact of relay 306, S contact of relay 325, 
S contact of relay 324, S contact of relay 323, 
2S contact of relay 322 and the 4M contact of re 
lay 32, which is the only operated relay in the 
chain, to a parallel circuit. One branch of the 
parallel circuit is connected in parallel through 
Conductor 34 to the bottom terminals of lamps 
05-14. The other branch is connected through 
resistance 33 and the winding of relay 308 to 
battery, operating relay 308. When battery is 
connected to the bottom terminal of lamps 05-14 
each of these lamps is lighted in sequence, as the 
vernier rotates through corresponding positions. 
The operation of relay, 308 disconnects ground 
from its top S contact and conductor 340 which 
prevents the lighting of any of lamps 95-04 while 
the vernier is rotating from 05-14. The operation 
of relay 308 also established a circuit from battery 
through bottom contact 38M, right-hand Wind 
ing of relay 305 and the right-hand winding of 
relay 30, operating the armatures of relays 305 
and 30 to engage their respective M contacts. 

It is particularly pointed out that relay 308 is 
released. Only during the interval while the Vernier 
is in the region between 95. and 04. For each 
other tenths degree combination relay 308 is op 
erated from ground supplied from relay 305 or 
306 through an individual path through the fan 
circuit extending through the contacts of relays 
32 to 325, inclusive and some one of the re 
Sistances. 33 to 339, inclusive to the right-hand 
terminal of relay 38. A corresponding bank of 
ten lamps will be lighted through some one of 
conductors 34 to 349. For instance, for the tenth 
degree Zone beginning at 5 hundredths and end 
ing at 24 hundredths in each degree as indicated 
in Fig. 5, the contacts of cams. 22 and 222 will 
be closed and the contacts of cams 223, 224 will 
be open. A circuit may therefore be traced from 
ground through contact 365M, contact 325S, con 
tact 324S, contact S of relay 323, contact 2M of 
relay 322 and contact 3M of relay 32 f which con 
nects in parallel through resistance 332 to the 
right-hand terminal of relay 308 and through 
conductor 342 to lamp banks 15 to 24. For the 
tenth degree zone beginning at vernier, position 
25- and ending at Wernier-position 34, as indicated 
in line 4 of Fig. 4, relay 322 is the only chain relay 
Operated. The circuit Will therefore extend from 
ground through contact 305M, contact 325S, 
contact 324S, contact is of relay 323, con 
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tact 2M of relay 322 and contact 3S of relay 
32 to resistance 333 and conductor 343 in parallel. S 
Relay 333 remains operated and the bottom ter 
minals of lamps in the bank 25-34 are Supplied 
with ground. For vernier positions 35-44, 45-54, 
55-64, 65-74, 75-84 and 85-94, if relays 321-325 
are assumed to be operated where a position in a 
corresponding line in Fig. 5 is cross-hatched and 
released where a position is blank, circuits may be 
traced from ground through contact 365M and 
through an individual path through contacts of 
relays 32 to 325 for each relay group setting 
indicated by the particular line in Fig.5 to a single 
group of ten lamps correspondingly numbered. 
Relay 308 will be maintained operated simul 
taneously from ground supplied through resist 
ances 333 to 339. 
Only one bank of ten lamps will have battery 

supplied to its bottom terminals at any one time. 
Relay 388 is released only while the vernier is in 
the teeth of a degree position between 95 hun 
dredths and 04 hundredths. Therefore ground 
Will be supplied to lamp bank 95-04 only during 
this interval. During the interval while relay 328 
is operated while the vernier is in the other 90 
hundredths of a degree positions, ground can be 
connected to only one bank of ten lamps for each 
of the settings indicated in the nine botton groups 
Of codes of Fig. 5. Reference to the various poS 
sible circuits through relays 32 to 325 will dis 
close that it is not possible to establish more than 
One closed path... through their contacts simul 
taneously for any of the operate and release con 
ditions of relays 32 and 325 indicated in any of 
the code conditions of Fig. 5. - : 
The cooperation of the apparatus governing the 

Selection of each of the lamps by the hundredths 
Of a degree mechanism and the tenth of a de 
gree mechanism therefore will result in the light 
sing of one lamp only for each one-hundredth set 
ting of the vernier. 

Transmission of degree information 
The manner in which the mechanism functions 

to transmit degree information will now be de 
Scribed. - - 

... It has been explained that as shaft 28 revolves 
through twenty degrees about spindle 206, it 
rotates once on its own axis, turning each of 
cams 2i to 25 through a single rotation. Dur 
ing this single rotation contacts 2 6 to 22 are 
set in twenty different combinations to transmit 
twenty different combinations of impulses to de 
fine twenty different degrees as shown in Fig. 6. 

Since the same channel consisting of individ 
ual conducting elements 226 to 239 is used to 
transmit both tenths of a degree information as 
well as degree information, provision is made, in 
an important feature of this invention, to pre 
vent interference in operation between the mech 
anism employed to transmit and record this in 
formation. A separate set of recording relays 
326 to 330 is provided to record the degree in 
formation. Conductors 226 to 230 inclusive are 
extended through the botton windings of relays 
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switch 245. In the two vernier positions in which 

60 

65 326 to 339, respectively. Relays 326 to 330 re- . 
spond to the code of the degree information. The 
degree impulses are transmitted while the vernier 
is in the portion of the 95 to 04 tenths zone be 
tween 98 and 01. Relays 32 to 325 for the 
tenths of degrees respond to the degree codes 
and change the circuits through their contacts 
but in no case is a circuit continuous from ground 
through the contacts of relays 32 to 325 to any 
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308, which relay remains released. No lamp in 
any bank can therefore be affected by the trains 
mission of the degree information. 
In the description above it was explained that 

all of the contacts of cams 221 to 224 are open 
When the code for the tenths of a degree Zone, 
starting at 95 hundredths and ending at 04: hun 
dredths, is transmitted. This is indicated in the 
top line of Fig. 5. It was also explained that dur 
ing this interval relay 398 remained released and 
that ground was supplied to the botton terminal 
of lamps 95 to 04 through the top S contact of 
relay 308 instead of from the M contact of relay 
35 or the S contact of relay 3. It is not nec 
essary therefore to supply ground from relays 35 
or 396 to any of the lamps or to the right-hand 
terminal of relay 308 for the tenths Zone begin 
ning at 95 and ending at 04. The ground from 
relays 305 and 336 is therefore disconnected from 
the chain circuit for a number of the positions 
of the Wernier in the Zero hundredths region while 
the degree code .information is transmitted. 
Therefore, no matter whether or not relays 33 
to 325 are operated or released in response to the 
degree codes, the lamp banks corresponding to 
the hundredths of a degree are not affected in 
any Way. - - 

Normally switch 245 is open, Switch 245 has 
five separate contacts. It is under control of can 
225, mounted on vernier shaft 292. Cam 225 
operates switch 245 to close the five circuits from 
can contacts 26 to 22 through the five arma 
tures of Switch 245, conductors 225 to 23 and 
the windings of relays 326 to 330 and 32 to 325 
in parallel to battery, while the vernier is in posi 
tion 96.5 to 03.5. Only during this interval cor 
responding to seven one-hundredths of a degree 
can degree codes be transmitted. The degree 
cams actually set their respective contacts, which 
thereafter remain set for each degree code, while 
the vernier is moving between 45 and 50. This is . 
approximately one-half degree in advance of the 
position of the Wernier at which the codes set up 
during the 45 to 50 interval are actually trans 
mitted. The reason for this is to insure that the 
degree cams' contacts are actually at rest in their 
proper positions When they are connected to their 
respective conductors 226 to 239, to reduce the 
possibility for mutilation due to possible bouncing 
of the contacts, etc., When closed or opened, if 
they were closed and opened at about the time 
that they were connected to their conductors. 
There is another protective feature in the in 

Vention designed to guard against mutilation dur 
ing the closing and opening of the contacts of 

the position of switch 245 actually changes the 
positions of its five contacts, namely at 96 and 
03, whether to open or close the switch, depend 
ing upon the direction of rotation of the vernier 
on either increasing or decreasing ... azimuth, 
ground is disconnected from the fan circuit 
through relays 32 to 325 to the hundredths lamps. 
Reference to the second line from the top in Fig. 4 
shows that at position 96 of the vernier, contact 
242 only is operated by hundredths of a degree 
cam 232. This connects ground through conduc 
tor 237 to the top terminal of relay 306. Since 
relay 398 is released for the 95 to 04 tenths of a 
degree Zone, battery is connected from bottom 
contact 3.98S to the bottom terminal of relay 306 
operating relay 36 in this position. The arma 
ture of relay 366 is in engagement with its M con 
tact so that no ground is connected through the 

of the banks of lamps or to the winding of relay 75 fan circuit of relays 32; to 325 from relay 306 
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for this condition. Both windings of relay 305 
are deenergized for this condition because bat 
tery is disconnected from the bottom M contact 
of relay 398 so that the right-hand winding of 
relay 35 is deemergized and contact. 243 is open 
so that the left-hand winding of . relay 395 is de 
energized. The armature of relay 305 is on its 
S contact. No ground therefore can be con 
nected to the fan circuit through relays 32 to 
325 from relay 305 either. So ground is dis 
connected from the fan circuit through relays 32 
to 325 for position 96 in each degree. 

Reference to the ninth line from the top in 
Fig. 4 for the 03 position of the vernier indi 
cates that the positions of cams 232 and 233 is un 
changed from that for vernier position 96 de 
scribed above. Relays 305 and 365 are in the same 
condition as described above and ground is dis 
connected from the fan circuit for this position 
also. As a result of this even though a perfect 
simultaneous closing or opening of all of the 
contacts of switch 245 in vernier positions 96 and 
03 is not effected, the banks of the hundredth 
degree la?hps will be unaffected as no ground is 
connected through the fan circuit of relays 32 
to 325 for either of these vernier positions. The 
contacts will assume a proper final position, how 
ever, whether open or closed before the vernier 
has moved into the succeeding position, 
To return now to a consideration of the opera 

tion of relays 326 to 330 which record the degree 
settings, these relays are normally in positions 
corresponding to the code last recorded by them. 
Relays which have been last operated by the code 
are locked Operated. Relays 326 to 33) are neu 
tral relays. Relay 30 functions to unlock those 
of them which have been locked in the operated 
position by the impulses of the previous code and 
to connect them to conductors 226 to 23) only 
while the vernier is in a few positions in the zero 
region. This will be fully explained below. The 
relays are set in accordance with the code for 
the new degree cam Setting. Then relays 326 to 
330 are disconnected from conductors 226 to 233 
so that their settings will not be mutilated by the 
codes for tenths of a degree. Since relays 326 to 
330 are neutral relays those of them which have 
been operated by the particular degree code must, 
be locked in the operated position between the re 
ception of degree codes. This is effected by a lock 
ing circuit through each of their top windings 
under control of relay 30. 

It was shown above that relay 308 is operated 
for ninety of the one hundred vernier positions 
namely from positions 05 to 94. During this in 
terval, as explained above, the armature of relay 
308 remains in engagement with its M contact 
which establishes a circuit heretofore traced from 
battery through contact 3.08M and the right-hand 
windings of relays 305 and 30. Relay 30 re 
mains operated over this path and its armature 
therefore remains in engagement with its M con 
tact while the vernier is in any of the ninety 
positions from 05 to 94. As may be observed, 
there is a second Winding on relay 310. The left 
hand Winding is under control of relay 307. The 
left-hand winding of relay 30 is energized while 
relay 397 is released. Relay 30 is under dual 
control. . In order to energize relay 307, relay 308 
must be released to connect battery to the bottom 
terminal of relay 307 and cam 234 must close 
contact 244 to connect ground to the top terminal 
of relay 30. Battery is connected to the bottom 
terminal of relay 307, as has been shown, while 
the vernier is in the ten positions from 95 to 04 
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Only. Reference to the top ten Code groups of 
Fig. 4 shows that during this interval cam 234 
closes contact 244 in positions 98, 99,00 and 01. 
Relay 30, therefore, is operated only while the 
vernier is in the four positions 98, 99, 00 and 01. 
Relay 30 is released and relays 326 to 330 are in 
condition to respond to degree codes therefore 
Only While the Wernier is in positions 98, 99,00 and 
01. During the other ninety-six positions of the 
Wernier relay 307 is released and ground is con 
nected through contact 30S and the left-hand 
Winding of relay 30 operating relay 30. The 
Operation of relay 30 for the ninety-six positions 
of the vernier from 02 to 97 opens the operating 
paths through each of relays 326 to 330. The 
operation of relay 30 also locks those of relays 
326 to 330 which have been operated by the code 
impulses. 

Relays 326 to 330 are operated or released in 
accordance with the degree codes. The top ar 
mature of any of these relays which is operated 
is actuated to engage its M contact. Relay 30 
is fast in operating and operates before any one 
of relays 326 to 330 which has been operated can 
released. This established a locking path from 
battery through contact 30M top Windings of 
relays 326 to 330, armatures of relays 326 to 330 
and to ground through the top M contact of any 
relay which has been operated, locking each op 
erated relay. Relays which are not operated in 
accordance With the received code, of course, re 
main in their normal released positions. The 
paths from the degree cam contacts to conductors 
226 to 230 remain open, due to the operation of 
cam 225 and the opening of switch 245, until the 
change in Setting of the azimuth requires a 
change in Setting of the degree relays. Relay 30 
remains operated during this interval and the 
Settings of relays 326 to 330 remain unchanged. 

If the telescope 20 were not required to be 
rotated in more than one direction, such as clock 
Wise, it would be necessary to provide only twenty 
individual degree lamp selecting circuits, one for 
each of the twenty degree lamps. One such se 
lecting circuit would be established by the oper 
ation and release of relays 326 to 330 for each of 
the twenty codes indicated in Fig. 6. The tele 
scope 20 must be rotatable in either the clock 
Wise or counter-clockwise direction, however, to 
follow a target the movement of which is unre 
Stricted. 

Let it be assumed that the position of the tele 
SCOpe is in the neighborhood of 18.25 degrees and 
that the azimuth is increasing. As the vernier 
passes through 18.45 degrees to 18.50 degrees a 
new code is set up by cans 2 to 25. The code 
Will be stored on the contacts and will not be 
transmitted to relays 326 to 330 for recording un 
til the vernier is in position. 18.98 degrees. Let it 
be assumed that, in response to these, the 19 
degree lamp is lighted when the vernier crosses 
19.00 degrees. If the azimuth continues to in 
crease there is no difficulty. Suppose, however, 
that the telescope must be rotated in the oppo 
site direction back into the 18-degree zone. Since 
the Cam Settings for the degree code will not again 
change until the azimuth is in the 18.50 degree 
to 18.45 degree Zone, some provision must be made 
to record the change backinto the 18-degree zone. 
In order to do this two selecting circuits are 

established through the contacts of relays 326 to 

75 

330 for each of the twenty different degree codes 
shown in Fig. 6. Relays 326 to 330 are each 
equipped with forty sets of bottom contacts, 
Only three sets are actually shown. Two identi 
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calchain circuits are established through the con 
tacts of relays. 326 to 330 for each of the twenty 
different codes There is one chain circuit for 
increasing and another for decreasing vernier for 
each degree. Each such pair of chain circuits is 
iconnectable through a lamp to battery. There 
is but one lamp for each degree cam Setting. The 
opposite ends of each-chain-circuit is connectable 
to ground through the opposed contacts and ar 
snatures of polar relay 350. The polar relay is 
controlled by the hundredths degree cams in:such 
manner that when the vernierpasses through po 
isition. 19.00 degrees on increasing azimuth one of 
the chain circuits controlled by the code for nine 
teen degrees and designated the 19-degree ad 
vance chain will be connected to ground to light 
lamp 19. When the vernier passes through posi 
tion. 19.00 on decreasing azimuth the other of two 
chain circuits controlled by the code for nineteen 
degrees but designated 18-degree retrogress lamp 
Will be energized to light lamp 18. 
The manner in which the twenty-pairs of chain 

circuits corresponding to twenty codes such as 
indicated in Fig.6 may be established through 
forty sets of contacts of the five relays 326 to 330 
should be obvious from reference to the three 
chain circuits which are shown by way of exam 
ple. The circuit for 19-degree advance may be 
traced from battery through the filament of the 
19-degree advance lamp through the front con 
tact of relay 33) and through the break contacts 
of relays 329, 328, 327 and 326 in sequence, the 
settings of all of which relays correspond to the 
code for nineteen shown in the bottom line of 
iFig. 6, to the M-contact of relay 350. The circuit 
for the 18-degree retrogress lamp may be traced 
from battery through the filament of the 18-de 
gree retrogress lamp through the front contact 
of relay 33) and through the back contacts of re 
lays 329, 328, 327 and 326 to the S contact of re 
lay 359. Attention is called to the fact that the 
position of the relay contacts in the chain cir 
cuits through relays 326 to 336 is the same for 
both of these lamps. Both of these chain circuits 
were established by the same setting of the de 
gree cams, namely the cam settings established 
when the azimuth passed between 1845 degrees 
to 18:50 degrees and both correspond to the set 
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ting indicated “19” in the bottom line of Fig. 6. 
- Which of the two lamps 19 advance or 18 retro 
gress is lighted will depend upon the direction of 
the movement of the vernier and the operation 
of the hundredths of a degree cams in response 
thereto. This will now be explained in detail. 

Relay 350 is under control of relays 30l. and 
397. In order to move the armature of relay 350 
in either direction, ground must be supplied from 
relay 307. It has been shown above that relay 
397 is operated for each degree in only four of 
the hundred positions of the vernier. These po 
sitions, it was shown were 98, 99.00 and 01. The 
ground is supplied from relay 361 through its ar 
mature and M contact and through either con 
tact 6M of relay 38t, when relay 30 is operated, 
to battery through the top winding of relay 350, 
or through contact SS of relay 30, when relay 
30 is released, to battery through the bottom 
winding of relay 350. The position of relay 30 
while the vernier is in positions 98, 99.00 and 01 
determines which of the windings of relay 350 is 
energized by the ground from relay 307. This in 
turn determines in which direction the armature 

- of relay 35) will be actuated and which of the 
two lamp circuits set up by such degree code will 
be closed. - - - - - 
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Relay 350 is provided with two locking circuits. 

One extends from battery through the top Wind 
ing of relay 35, through resistance 35 to the M 
contact of relay 355). The other extends from 
battery through the bottom winding of relay 35, 
through resistance 352 to the S contact of relay 
359. When the armature of relay 35 is on its 
M. contact, curreit sufficient to hold the arma 
ture in engagement with the M contact flows 
through the top winding provided full Current 
does not flow through the bottom winding. 
When the armature of relay 350 is on its S con 
tact, current sufficient to hold the armature in 
engagement with its S contact flows through the 
bottom winding provided full current does not 
flow through the top winding. In ninety-six of 
the hundred vernier positions in each degree the - 
armature of relay 356 will be held in engagement. 
with either its S or its M contact by either of its 
locking windings. The contact on which the ar 
mature is held is the contact to which it was last 
actuated by relay 30 while the vernier was in the 
four vernier positions 98, 99, 00 and 01 and 
ground was supplied from the M contact of relay 
30. 

Let it be assumed that the armature of relay 
350 is in engagement with its M contact and that 
it is locked to its M contact by current flowing 
from battery through the top winding of relay 
350, through resistance. 35E and the M contact of . 
relay 350 through its armature to ground. Let 
it be assumed that telescope 20 is in position 
18.30 degrees and that the azimuth is increasing. 
When the vernier moves through positions 18:45 
degrees to 18.50 degrees the 19 code will be set 
up on contacts 2 is to 220 by cams 21- to 2.5. 
Switch 245 is open so the degree code is not trans 
mitted at this time. The code for the tenths 
and hundredths of a degree are transmitted con 
tinuously by the action of cams. 22 to 228 and 
23 to 234. When the vernier reaches position 
18.95 degrees relay 308 releases. When the ver 
nier reaches 18.965 degrees switch 245 closes. 
When the vernier reaches. 18.98 degrees relay 387 
operates. Relay 30 which has been locked is re 
leased. The particular relays of the degree cod 
ing relays 326 to 330 which were operated in re 
sponse to the last code signals which were re 
ceived will be unlocked. The code for the nine 
teen position will be impressed on relays 326 
to 330. In response to this they will establish 
two circuits as has been explained from battery 
through the 19 advance lamp and from battery 
'through the 18 retrogress lamp, through two 
individual chain circuits extending through the 
armatures of relays 326 to 339, to the armature 
of relay 350. When relay 397 operates at 18.98 
degrees it connects ground to its M contact. 
As indicated in the first column of Fig. 4 durin. 
this interval relay 30 f is in the released condi 
tion. The operation of relay 361 at 18.98 degrees, 
while relay 30 is released, establishes a circuit 
from ground through relay contact 39 M, through 
relay contact 6S of relay 30 and the bottom wind 
ing of relay 350. Full current flows in this path. 
The armature of relay 350 will be operated to en 

This condition will obtain. gage its S contact. 
during the transition interval while the vernier 
is in positions 98 and 99. When the vernier moves 
into position 1900 degrees, as indicated in the 
sixth code group of the left-hand column of Fig. 
4 relay 397 remains operated and relay 304 oper 
ates. This establishes a circuit from ground 
through relay contact 367M, the 6M contact of 
relay 30? and the top winding of relay 350 to bat, 
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tery. The armature of relay 350 will be actuated 
to its M contact. This will close the circuit of 
the 19 advance lamp and it will light. 
Vernier continues to increase there is no change in 
the condition of relays 33 or 39 until, as indicat 
ed in the right-hand vertical collinn in the eighth 
Code group from the top for the 49.03 degree posi 
tion of the vernier relay 307 releases. This dis 
connects direct ground from the top winding of 
relay 35. But the armature of relay 35) is locked 
to its M contact by its locking path. The release 
of relay 30 operated relay 30. This discon 
nects relays 325 to 339 from conductors 228 to 
230. Relay 30 also locks those of relays 323 
Which are operated by the 19 code. Those relays 
of relays 326 to 330 which have remained unop 
erated by the 19 code maintain their released 
positions, of course, without, locking. When the 
vernier reaches positions 19.035 degrees, switch 
245 opens. When vernier position. 19.05 degrees 
is reached relay 398 operates supplying an ad 
ditional locking path for relay 30 and preventing 
the reoperation of relay 37 on vernier settings 
other than 98 to 02. The circuit for the 9 lamp 
is therefore locked and the 19 lamp remains 
lighted. 
Let it be assumed that the azimuth continues to 

increase for a time while cans 22 to 224 and 23 
to 234 control the hundredths of a degree lamps to 
correspond. Let it be assumed that the azimuth 
passes through 19.45 degrees to 19.50 degrees and 
to 19.60 degrees. As the azimuth passed through 
9.45 degrees to 19.50 degrees the 20 code shown 
as the Zero code in Fig. 6 would be set up on con 
tacts 26 to 22) by cams 2 to 2 5. 

Let it be assumed that starting at 19.60 de 
grees the vernier is turned backwards. The 20 
code Would not be transmitted because, as has 
been shown, the vernier would have to be ro 
tated to 9.965 degrees before Switch 245 is even 
closed. As the vernier is rotated so as to lower 
its reading when the vernier passes through 19.50 
degrees to 19.45 degrees, the 20 code would be 
Wiped out and the 19 code would be reestablished. 
When the vernier position. 19.04 degrees is reached 
relay 33 again releases unlocking the right-hand 
locking path of relay 3 . When vernier position 
19.035 degrees is reached switch 245 recloses. 
Relay 31, as indicated in the left-hand column 
of Fig. 4, is operated at this time but it is inef 
fectual because relay 37 is released, as shown in 
the right-hand column of Fig. 4. At vernier posi 
tion. 19.01 degrees relay 39 reoperates. This un 
locks the left-hand winding of relay 3 which re 
leases its arnature to S in turn unlocking relays 
326 to 339. The code for 9 is impressed on re 
lays 326 to 339. This will involve no change in 
the settings of the relays as the code is the Sane 
as last sent. With the arnatures of both relays 
30 and 37 operated to engage their M contacts 
a circuit is established through the top winding 
of relay 359. This continues to hold the arma 
ture of relay 350 on M momentarily. At position 
99 of the vernier, corresponding to position 18.99 
degrees, as shown in the fifth code group from 
the top in the left-hand column of Fig. 4, relay 
30 releases. Relay 307 remains operated as indi 
cated in the fifth code group from the top of the 
right-hand column of Fig. 4. This establishes 
a circuit through the bottom winding of relay 
350. Full current flows through the bottom Wind. 
ing, preponderating over the holding current in 
the top winding of relay 350 and the armature of 
relay 350 is actuated to engage its S contact. 
This closes the circuit through the 18 lamp. Relay 

As the 

10 

5 

20 

25 

30 

40 

45 

50 

55 

60 

18 
30 remains released and at 18.97 degrees relay 
307 releases. This disconnects direct ground from 
the bottom winding of relay 350 but the armature 
of relay 359 is maintained on its S contact by its 
holding circuit. The release of relay 307 at 
vernier position 97 reoperates relay 30. This 
again disconnects relays 323 to 333 from con 
ductors 226 to 233 and reestablishes the locking 
path for those of the relays which have been op 
erated by the degree code." At 96.5 switch 245 
again reopens. At 95 relay 398 again releases: 
The circuit for the 18 lamp is locked lighted until 
the next cycle. , 
What is claimed is: 
1. In a data transmission system, an observing 

station, a receiving station, means at said observ. 
ing station for making measurements, means at 
said observing station for translating said meas 
urements into a four-digit number, means at said 
observing station for translating each of the ten 
pOSsible numerals in the Units place in said num 
ber into a particular one of ten of sixteen possible 
code combinations of electrical impulses in ac 
cordance with a four-element permutation code, 
means at said observing station for impressing 
said combination of impulses simultaneously 
on four conductors comprising a first channel 
interconnecting said stations, means at said ob 
Serving station for translating each of the ten 
possible numerals in the tens place in said nun 
ber into a particular one of ten of thirty-two 
possible code combinations of electrical impulses 
in accordance with a five-element permutation 
code, means at said observing station for im 
pressing said electrical impulses, defining the 
numeral in the tens positions, simultaneously, 
at a first time, on four of five other conducting 
elements comprising a second channel inter 
connecting said stations, means at said observing 
station for translating each of the numerals 
in the combined hundreds and thousands posi 
tions in said number into code combinations of 
electrical impulses other than assigned for said 
numerals in the tens positions in accordance with 
Said five-element code and means at Said observ 
ing Station for impressing simultaneously at a 
Second time signal impulses defining said com. 
bined numerals in said hundreds and said thou 
sands positions in said number on said five con 
ducting elements comprising said second channei. 

2. In a data transmission System, a transmis 
sion channel, five separate independent conduct 
ing elements in Said channel corresponding to five 
elements in a permutation code, means connected 
to said channel for translating any numeral in the 
units place in a three-digit number into signal 
impulses in accordance with combinations in said 
five-element code requiring for transmission 
changes in the conditions of four of Said con 
ducting elements only, while said fifth conduct 
ing element remains unchanged in One of its two 
possible conditions, and means for translating 
combined digits in the tens and hundreds places 
in said number into single code combinations re 
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quiring changes in the conditions of all of said 
five conducting elements. 

3. In a data transmission System, an observ 
ing station, a receiving station, a plurality of 
separate independent transmitting channels con 
necting said stations, a plurality of Separate inde 
pendent conducting elements in each of Said 
channels, means, responsive to the setting of a 
measuring instrument to make a measurement, 
for simultaneously impressing on said channels 
signal impulses in accordance with separate per 
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mutation codes to identify separate portions of 
a multidigit number instantaneously a plurality 
of decoding devices at said receiving station cora 
nected individually to said channels, lockirig 
means and unlocking means for a first of said 
devices, a plurality of indicators connected indi 
vidually to said devices, means connected to said 
locking means for locking said first of said devices 
in response to the reception of a first particular 
code combination by a second of said devices, 
and means, connected to said unlocking meains. 
for unlocking said first of said devices in response 
to the reception of a second particular code coin 
bination by said second of said devices. 

... 4. In a data transmission system, an observing 
station, an indicating Station, a plurality of Sepa 
rate independent transmission charines inter 
connecting said stations, a plurality of electrical 
Contacts, Connected to each of Said charines air 
ranged for the instantaneous transmission of 
multielement signal impulses in accordance with 
separate independent permutation codes defining 
separate portions of a multidigit number, a single 
control means connon to all of Said contacts for 
establishing Signal combinations; in accordance: 
with said codes, a plurality of separate inde 
pendenit indicating devices at said iridicating sta 
tion for indicating Said portions simultaneously, 
relay decoding circuits individual to each of said 
indicating devices, intermediate said indicating 
devices and said channels, two Óf said decoding 
circuits connected to one of said channels, and 
means for conditioning one of said two decoding 
circuits to respond only to particular permuta 
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tion code combinations received over Said chan 
nel to Which it is connected. - " ... : : 

5. In a data, transmission system, a receiving 
station, a first group of relays thereat Selectively 
responsive to the reception at said receiving sta 
tion of Combinations of Signal impulses in accord. 
ance With a first permutation code, a Second 
group of relays at said station, independent of 
Said first group of relays, Selectively responsive 
to the reception at said receiving station of con 
binations of Signal impulses in accordance With 
a second permutation code, independent of said 
first permutation code, a single measuring means 
at a transmitting station connected to said relays, 
a. Single common permutation code signal cons 
trol means connected to said measuring means, 
for controlling the generation of combinations 
of impulses ira accordance. With both of said codes 
simultaneously to control said relays, means inter 
Connecting Said first and said second relaygroups, 
responsive to the reception of a first particular 
signal code combination by said first group, for 
locking the relays of said second group, anxi 
Emeans responsive to the reception of a secoid 
particular signal code combination by said first 
group for unlocking the relays of said second 
group, S. 
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