Bell Telephone Laboratory

The purpose of this laboratory is to learn about Alexander Graham Bell’s method of speaking and listening at a distance.  In 1876, America’s centennial year, Bell demonstrated his new invention at the Philadelphia Exposition.  Bell’s telephone used a transmitter and a receiver connected in series with a battery.  The transmitter and battery converted sound waves into waves of current, and a receiver at the other end of the Exhibition Hall converted the waves of current back into sound waves. 

In this laboratory a 1910-era “candlestick” telephone is connected to a 1950’s-style rotary-dial desk phone.  The telephones are wired in series with a battery that causes current to flow in a large current loop. 

When one speaks into either of the two telephone transmitters (known now as microphones) the current in the loop is changed in proportion to the pressure of the sound waves.  The device that causes this action is the carbon-granule transmitter.  The diaphragm in the transmitter vibrates in synchrony with the sound waves, pressing together or pulling apart a small volume of carbon granules.  As the granules are compressed or released their resistance decreases or increases.  The varying resistance is converted to varying current according to Ohm’s Law (I = V / R).   (The idea of using of carbon to convert sound into resistance was patented by Thomas Edison in 1877.  The Bell Telephone Company later took ownership of the Edison patent.) 

The change in current is converted back into sound waves by each of the telephone receivers.  The change in current becomes a change in force on each of the receiver’s metal diaphragms causing them to move back and forth producing sound.  The receivers work because of electromagnetism.  The strength of the magnetic field in the receiver is given by B = k I N, where B is the field strength in Gauss, I is the current in Amps, N is the number of turns per meter, and k is a constant equal to 0.012566.

BACKGROUND

The equation governing the relationship between current, voltage and resistance is:

V =I R

In the equations above the variables have the following meanings:

I is the current and is measured in Amperes, A

R is the resistance and is measured in Ohms, (
V is the voltage and is measured in Volts, V

Strength of a Magnetic Field, B

For an infinitely long coil of wire (also known as a solenoid) in the cgs (centimeter-gram-second) system of units:

B = 4( IS n / c

Where n = turns/cm

c = speed of light, 3 x 1010 cm/sec

IS = stat-amps (esu/sec)

Now convert into SI units:

1 amp = 3 x 109 esu/sec

N(turns/meter) = n (turns/cm) (100cm/m)

B = 4( (3 x 109) (I)(N)(1/100) / ((3 x 108 m/s)(100cm/m))

Thus:

B(gauss)= 0.012566 I N 

Where: I, current is measured in amps

N, is the number of turns per meter

PROCEDURE

Part 1 – Connecting Two Telephones in a Circuit

1. Using the antique telephone and the rotary dial telephone set up a simple series circuit by connecting the two wires from each phone to the terminals on the “Battery Board”.  The wires should be connected such that the 18-volt battery pack is in series with the two telephones.  In commercial telephone networks the battery is located at the central station.  The central station in Princeton is the brick building that is to the left of the E-Quad as you face the main entrance.

2. Pick up both telephone receivers.  Have a group member speak into one of the transmitters.  If the circuit is complete you should be able to have a conversation and sound should be heard in the receivers on both telephones.

Part 2 – Experiments Using a Simulated Telephone

The telephones in part 1 are replaced by “Telephone Simulators” that replicate the basic components of the telephone.  When one speaks into a telephone transmitter pressure variations in the air cause the carbon microphone inside the transmitter to vibrate.  As the carbon microphone vibrates it changes the pressure on the carbon granules inside the microphone, which changes the resistance of the microphone.  It is known from Ohm’s Law (V = IR) that a change of resistance in a circuit with constant voltage will cause an inversely proportional change in the circuit’s current.  The strength of the magnetic field generated by a circuit is directly proportional to the current in the circuit.  Hence, a change in resistance will cause a change in current, which will result in a change of magnetic field strength. 

Two variable resistors idealize the variable resistances in the carbon microphones of the telephone transmitters.  The magnetic field generated by the coils in the telephone receivers is idealized by two solenoids.  A solenoid is a coil of conductive wire that produces a magnetic field when current is passed through it. This experiment will demonstrate that the magnetic field inside of the two solenoids (simulated receivers) varies as soon as the series resistance of either variable resistor (simulated transmitter) is varied.   It will also verify that the magnetic field in the solenoid is equal to B = k I N, where k = 0.012566 in units of gauss / (amp – turns / meter).

1. Using the computer, select and double click on the program icon labeled “Bell.SWS” to start the Science Workshop experiment.

2. Disconnect the two telephones and replace them with telephone simulator boards.  Use a solenoid of 36 layers (N=78,740 turns/meter) on one board and a solenoid with 6 layers (N=6,950 turns/meter) on the other board. If you are starting with the other pair of solenoids, use those first with the instructions from step 12, and then swap solenoids with the other lab group. Connections will be made to put the solenoids in series with the circuit. Do NOT complete the circuit at this time.  Leave one of the wires disconnected so that the circuit remains open.

3. Verify that the Science Workshop Voltage sensor (red and black wires) is connected to the known resistor on the “Battery Board”. This will be used in conjunction with Ohm’s Law (I = V/R) to determine the current in the system.

4. Turn the variable resistor to a position in the middle of its range.

5. Insert the Science Workshop magnetic field sensors into the solenoids such that the tip of each sensor is near the midpoint of each solenoid.  (It is essential that the tip is in the middle of the solenoid – the tip is the place of measurement and the solenoid formula that you use for comparison applies only to the middle of the solenoid.) Set the sensor to read axial field strength (along the sensor blade) rather than radial field strength (perpendicular to the sensor blade).

6. Measurements of magnetic field strength are sensitive to the orientation of the field sensor within the magnetic field. If the sensor is inserted in one end of the solenoid a positive field will be measured. If it is placed in the other end a negative field will be measured. In this lab it is the magnitude of the magnetic field (Babs) that is of interest. The magnitude (Babs) is equal to the absolute value of the difference between the measured field (Bmeas) and the baseline field (Bbase).

Babs= | Bmeas – Bbase |
     The significance of the baseline field measurement will be discussed in step 8. 

7. Select “MON” in the Science Workshop program to monitor the field strength and current measurements from the sensors.

8. Set the magnetic field sensors to zero by pressing the “zero” button (hold it down for several seconds). The magnetic field sensors will never be completely set to zero even when the “zero” button is depressed repeatedly. This is because the precision of the equipment only allows for readings given in increments of 5 gauss. To correct this problem the first set of readings will be taken before the circuit is closed and current flows. These data will be used as the baseline to which all subsequent measurements will be compared.

9. Record the baseline magnetic field strength (Bbase) for both solenoids while there is no current in the system (the circuit should still be open per step 2). Note that this data point also corresponds to Bmeas when the current is zero. Record the baseline value in the data table accordingly. Be sure to include the sense (positive or negative sign) of these values and any subsequent field strength measurements. 
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10. Complete the electrical circuit by connecting the last wire in the circuit.  (This is the connection that was left open in step 2.) The magnetic field strength readings should shift instantly.  

11. Slowly turn the variable resistors until a current of 0.08 amps is achieved in the circuit.  Record in the above table the field strength measured (Bmeas) in both solenoids at this current.  Repeat this step for the additional current values of 0.07 amps and 0.06 amps.  

12. Repeat this procedure using a combination of the 24 layer (N=52,500 turns/meter) and 12 layer (N=14,000 turns/meter) solenoids and current values of 0.12 amps, 0.10 amps, and 0.08 amps.

13. Using Excel, plot the results of field strength (Babs) versus current (I) for each solenoid on the same chart. Include the point 0,0 in your data. Use the trendline feature in Excel to fit the data from each coil to a straight line.  

14. Plot the field strength (Babs) versus the number of turns (N) for the 0.08 amp current setting in all coils. Include the point 0,0 in your data. Use the trendline feature in Excel to fit these results to a straight line. 

Considerations

Compute the theoretical magnetic field strength (B) of each solenoid for a current of 0.08 amps.

Compare these values to the experimental results you collected.  What is the percent difference between the experimental and theoretical values?  

NOTE: Do not be concerned if experiment and theory differ by as much as a factor of 2 for the 36 or 24 layer coils.  These coils have the largest magnetic fields of each pair and as a result will have the greatest likelihood of good agreement with theory. Even so, the fact that we are using small currents given the precision of our magnetic field probes makes accurate measurement quite difficult.  If theory and experiment for these coils differ by a factor much larger than 2, re-check your calculations and your measurements.  You will likely find that the disagreement between theory and experiment for the other two coils (6 and 12 layer) may be much greater.

Part 3 – Setting up a Telephone Network
For the last part of the lab, you will have to experiment with different wire arrangements to accomplish your goals.

1. Wire up an intercom, using Line 1 on the modern black phone, connected to the modern white phone.  (Line 1 is Red/Green, Line 2 is Black/Yellow)

2. Wire up a party line, using the black phone as the host, connected to the white phone, connected to the green phone.  Verify that all three phones can work at the same time, as well as any pair of two phones.  Party lines were commonplace in rural America before the dial and switching relays were introduced in 1919.  Make a sketch of your circuit.

3. Wire up a central station, using the black phone as the central station.  Line 1 should connect to the white phone, which should connect to the green phone.  Line 2 should connect to the blue phone.  Make a sketch of your circuit.

Note:
For all cases, a battery must be in series with Line 1, and another battery is needed in series with Line 2.

4. Try adding a ringer to your network by plugging into “splitter” on back of the central station phone. Note that both the batteries and the ringer should be next to central station phone.   
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