Beardslee Manual of Operations

For the 

Replica Machines

Used by

The Ohio Valley Civil War Association

The Second Michigan Signal Detachment

And

The Signal Corps Museum of Fort Gordon

A) Introduction

1) The “Beardslee telegraph” or “Field Telegraph” or “Signal Telegraph” or “Flying Telegraph” or “Coffee Mill telegraph” was used between early 1862 and late 1863 during the American Civil War.

2) The modern version of the Beardslee Telegraph used by David Harbin of the Second Michigan Infantry Signal Detachment, the Ohio Valley Civil War Association and the Signal Corps Museum of Fort Gordon, Georgia, is a fully functional replica of the original set residing in the Signal Corps Museum. 

3) There are six such replicas. 

4) These replicas operate exactly the same way, from an operator’s standpoint, as did the originals. 

5) Internally, there are significant differences.

B) Safety Statement:

1) The Beardslee Replicas used by the Ohio Valley Civil War Association, the Second Michigan Signal Detachment and the Fort Gordon Signal Corps museum output no more than a nominal 32 volts direct current in the long-range mode and nominally 12 volts in the short-range mode.

2)  This voltage is current limited to no more than a nominal .032 amperes in the long-range mode and .012 amperes in the short-range mode.

3)  This voltage and current is not considered lethal.

4)  The output is direct current free of alternating currents to a high degree.

5)  The wire used is normally military grade WD-1 and as such is quite safe at these voltages. 

6) However, internal to the Beardslee replica, is the potential to come into contact with 110 volts Alternating Current (modified sine wave).

7)  Under certain field circumstances, such as extreme dampness, rain and a hand within the case of the Beardslee without consideration of what might be touched the equipment could cause shock and death.

8)  The internal service of any of these machines must be left to a competent technician or engineer. 

9) It is not recommended that the machines be operated in the long-range mode during periods of rain or extreme dampness. This mode requires the generation of higher internal voltages within the machine.

10)  As with any system that uses wire as it’s transmission medium, all wire must be grounded and disconnected from the machines when lightning is a possibility. 

C) Internal operation:

1) The replicas do not use a magneto. The cost of duplicating such a mechanism was prohibitive. These units derive their power from a single twelve-volt sealed lead acid battery. This battery is rated at least seventy amp-hours. This allows a full weekend of operation without charging in all but the most unusual situations.

2) The original Beardslee transmitted a pulse that alternated between positive and negative. The voltage output was most likely at least ninety volts. It is possible over three hundred volts output could be realized with the rapid dial excursions. This kind of voltage was determined to be hazardous in the living history or reenactment field environment.

3)  The output of the replica was confined to a single positive transition not exceeding about thirty-two volts. The normal “short-range” voltage is no more than about thirteen volts direct current. This is a much safer voltage to work with and the alternating current transitions are eliminated. 

4) To compensate for this lower voltage, a solid-state relay shunted with a nominal one thousand ohms of resistance is used. This configuration allows for full operation of the telegraph set with voltages as low as three and one half volts being present at the input binding posts.

5) Furthermore, the voltage output is current limited by a one thousand ohm resistor in series with the line. This current limiting also greatly reduces the risk to the operator and the public. 

6) Although the circuits used tend to be a bit complex when first encountered, the principles are quite simple.

7)  Turning the selector dial causes a switch to be closed when the transition between letters occurs. This switch closure causes a pulse to be output through a limiting resistor and out onto the line. With the normal turn rate of the dial, this pulse is a nominal twenty-two milliseconds in duration. 

8) The pulse transitions between zero volts and twelve volts in the short-range configuration and between zero and thirty-two volts in the long-range configuration. 

9) At the receiving end, this pulse is shunted across the input of a solid-state relay. The relay output delivers a single twelve-volt pulse to a stepping motor drive circuit through a light emitting diode and light sensitive transistor pair. 

10) This pulse is de-bounced by a Schmidt trigger circuit that delays the transition by about six milliseconds while ignoring any switch bounce or pulse transitions that may have occurred.

11) The clean pulse is then given to a logic circuit that converts the single pulse into the double pulse that was used by the original Beardslee. One pulse advances the dial pointer one-half step while the next advances the dial by a further one-half step. 

12) A step is twelve degree of the circle. This corresponds to the thirty positions of the indicating dial at twelve degrees of movement for each position.

13) The two machines are set up in a loop. The loop causes the input of the sending machine to see what the input of the receiving machine sees. Thus the single pulse sent is received by both the distant receiving station, but is also received by the sending station.

14)  Should the receiving station not be on line, the sending station will not get the pulse it sent out on its input. Even when transmitting the sending station is in the receive mode as well.

15)  This allows the sending station pointer to follow the sent pulses only if the distant station is connected. Should the distant station not be connected or its switches not thrown into the proper position, the sending stations dial pointer will not track the selector. Thus is an indication of whether the distant station is receiving the pulses.

16) Bell signals are sent and received the same way. The only difference is that the pulses are diverted to the bell rather than the indicating dial pointer. The same condition respecting the need for a full loop and the switches to be correctly set at either end holds true for the bell circuit.

D) Basic external operation:

1) This is a modification of the operating methods described in the Beardslee pamphlet delivered with the machine.

2)  However, should one so desire, those instructions may be used without change on the replicas.

3)  The only exception would be the connection to the battery and the switching to long-range operation or back to short-range operation.

E) Start up and local synchronization:

1) The selector knob should be, upon opening the box, at the letter “T” position to allow capture by the leather loop in the lid. This is to avoid damage to the selector by contacting the bell upon lid closure.

2)  The dial pointer should be pointing to the left “stop between words” position or nine o’clock position. If it is not BEFORE APPLYING POWER turn the pointer to line up with the center of the “stop between words” or nine o’clock position.

3) Both the Telegraph and Bell switches should be in the “O” for out position.

4)  Install between the Line and Ground binding posts (hitchers) a 2,200-Ohm resistor. This will close the loop with the equivalent of about ten miles of wire.

5)  Open the front of the box. Install the battery plug into the sealed lead acid battery. Close the front of the box. 

6)  Place the telegraph switch into the “T” for transmit position. The dial pointer should not move.  If it does move, loosen the knurled knob on the indicator dial and slip the pointer to the center of the “stop between words” position at the nine o’clock position. DO NOT FORCE THE POINTER! YOU MUST LOOSEN THE KNURLED NUT.

7)  After positioning the pointer, open the front of the box remove the power connector from the sealed acid battery, put the Telegraph switch back into the “O” for out position and repeat steps five and six. The pointer should not have moved unless it had been improperly adjusted before.

8)  With the Telegraph switch in the “T” for transmit position, rotate the selector know CLOCKWISE around the dial until you reach the “stop for words” or nine o’clock position again. Note that the pointer follows the rotator dial. This indicates that the telegraph is working correctly.

9)  Place the Telegraph switch into the “O” for open position.

10) Place the Bell Switch into the “T” for transmit position.

11)  Rotate the selector one full rotation. Note that the bell rings one ring for each letter passed. This indicates that the bell circuits are working correctly.

12)  Return the bell switch to the “O” for out position.

13)  Remove the 2,200-Ohm resistor from the binding posts.

14)  Install the line wire to the LINE binding post.

15) Install the ground wire to the GROUND BINDING POST.

F) Normal receive mode:

1) Normal receive mode: Bell switch in the “R” for receive position.

2)  Telegraph switch in the “O” for out position. 

3) This is waiting for a bell to be sent. 

4) Selector dial and dial pointer at the left “stop for end of word” position at the nine o-clock position.

G) Signal to the distant station to initiate contact:

1) Signal to the distant station: Bell switch in the “T” for transmit position. Leave Telegraph switch in the “O” for out position. 

2) Turn the selector dial CLOCKWISE a full rotation for the number of times needed to send the identification number of the distant station. For normal two-station operation this would be one rotation for the odd numbered station and two rotations for the even numbered station. 

3) Upon sending the bell ringing rotations, place the Bell switch in the “R” for receive position.

H) Signal by the distant station to acknowledge contact by bell:

1) Upon recognizing your bell call, place the Bell switch into the “T” for transmit position.

2) Rotate the selector around full circle the number of times corresponding to your station number.

3) Place the Bell switch in the “O” for out position.

4) Place the Telegraph switch into the “R” for receive position.

5) Wait for the distant end to send.

I) Synchronization of the pointer between stations—actions of the initiating station:

1) The station that initiated contact will put the Bell switch into the “O” for out position.

2) The station that initiated contact will put the Telegraph switch into the “T” for transmit position.

3) The station that initiated contact will rotate the selector CLOCKWISE one rotation stopping back at the “stop for end of word” point at the nine o’clock position.

4) The operator will do the rotation such that a full rotation is about five seconds or more.

5) The station that initiated contact will wait at the nine o’clock position for ten seconds.

6) The station that initiated contact will rotate the selector CLOCKWISE one rotation stopping back at the “stop for end of word” point at the nine o’clock position.

7) The station that initiated contact will wait at the nine o’clock position for ten seconds.

8) The station that initiated contact will rotate the selector CLOCKWISE one rotation stopping back at the “stop for end of word” point at the nine o’clock position.

9) The station that initiated contact will wait at the nine o’clock position for ten seconds.

10) This will be a total of three rotations with stops.

11) After the third and final rotation, the station that initiated contact will move the Telegraph switch to the “R” for receive position.

J) Synchronization of the pointer between stations—actions of the receiving station:

1) The Telegraph switch should already be in the “R” for receive position.

2) The distant initiating station will send three rotations around the dial stopping for ten seconds at the nine o’clock position each time.

3) Should your pointer fail to return to the nine o’clock position loosen the knurled nut and place the pointer in the center of the window on the selector.

4) Tighten the knurled nut and wait for the next rotation.

5) Your machine should NOT need to be synchronized during this period of three rotations. If it does require synchronization, it indicates an improper local synchronization was performed or there are problems with the link between the machines.

6) If your machine did not synchronize, remove the line connection to the Telegraph binding post and repeat the start-up and synchronization procedure. 

7) Upon successful restart, send a bell using your station number to the distant station signaling you are ready to attempt to resynchronization of the machines.

8) Be sure you move the Telegraph switch to “R” for receive.

9) Upon successful receipt of the three rotations, place the Telegraph switch in the “T” for transmit position.

10) Rotating the selector CLOCKWISE, spell out “OK”.

11) Place the Telegraph switch in the “R” for receive position.

K) Actions of the initiating station should the distant station break contact during synchronization:

1) The distant station may, as in the case of  J-6 above, fail to synchronize. In this case, you will place your Telegraph switch in the “O” for out position.

2) You will place your Bell Switch in the “R” for receive position.

3) Wait for the bell signal from the distant station.

4) Repeat synchronization (I).

L) Actions of the initiating station upon receipt of “OK” from the distant end.

1) Place the Telegraph switch in the “T” for transmit position.

2) Send “OK”.

3) Send your message.

4) You may stop at either the nine o’clock or three o’clock for stops between words.

5) Allow at least two seconds on each letter sent as a stop to allow the distant end to write down the sent letter.

6) Use the twelve o’clock “stop for figures” position to signal what follows are numbers.

7) Use the twelve o’clock “numbers” position to signal end of numbers and letters follow.

8) Upon sending the message completely, rotate the selector twice coming back to the left nine o’clock stop each time indicating you are done sending and ready to receive a message.

9) Place the Telegraph switch in the “R” for receive position and wait for the “OK” from the distant end.

10) Upon receipt of the “OK” set the Telegraph switch to “O” for out.

11) Set the Bell Switch to “R” for receive.

12) Be ready at your station.

M) Actions of the receiving station should the dial lose synchronization.

1) Should the distant receiving station determine that synchronization has been lost, the operator will turn the Telegraph switch from “R” to “O” thus opening the circuit.

2) The operator will move the pointer back to the nine o’clock stop position.

3) The operator will wait ten seconds.

4) The operator will then turn the telegraph switch to the “T” position and send the last three words understood correctly.

5) Upon completion of the sending of the last three words understood, the operator will rotate twice around the dial stopping at the nine o’clock position and put the Telegraph switch into the “R” position.

6) Operator will continue to write down the message as sent.

N) Actions of the transmitting station should the distant end break the loop to indicate loss of synchronization:

1) The operator will notice that his dial pointer no longer follows the selector.

2) The operator places the Telegraph switch in the “O” position.

3) The operator moves the selector to the left stop at nine o’clock.

4) The operator moves the pointer to the center of the left stop at nine o’clock.

5) The operator places the Telegraph switch in the “R” position.

6) The operator waits for the distant end to send the last three words received.

7) Once received and the two rotations left stop to left stop are observed, the operator will place the Telegraph switch into the “T” position.

8) The operator will resume transmission with the word following the one send as the last received by the distant end.

O) Selection of short-range and long-range:

1) The normal operating condition of the telegraph is short range. 

2) No action is required to place the machine in the short-range mode, as this is the normal condition.

3) Should ranges greater than a few miles be needed or the ground connection is particularly poor, the long-range option should be selected.

4) To select the long-range option, open the front door and located the switch on the power supply. Turn that switch on. No other action is required.

5) To return to the short-range mode, it is only necessary to turn this switch off.

