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To Balance or Unbalance—that is the question… 
A balanced line is made up of two conductors that carry a signal equal and opposite at the same time. This means at any given instant the amplitude going positive on one conductor is going negative the exact same amount on the other. To make sense out of this, let’s wake up Alexander Graham Bell... 

Dude! Why the balanced phone lines? Why can’t these things just be unbalanced, and save us all money?  Graham responds that the answer is CMR, common mode rejection. Common mode is used to describe the exact same noise on a two conductor, balanced line. If this noise was just on an unbalanced line it would be called noise. Because the noise is external it will be the same on both conductors. So, when the plus and minus balanced signal reach the end of the line in Mr. Bell’s ear piece, the signal level doubles. The noise is still there too, but the same polarity, so it has no energy and is rejected. The amount that the input device rejects this noise is CMR, and expressed in dB. A good transformer will have CMR in the 100 dB and better range. An opamp with precision resistors up to 60dB, and a vacuum tube differential input with 5% resistors can be as low as 12dB. Our unbalanced line will have a CMR of 0dB, or all noise on the line will be present with the signal. Thank you Mr. Bell for the balanced line--I can hear Granny 100 miles away!
To apply this concept to recording, let’s invite Diana Krall to record the Cat Stevens’ song Longer Boats, and see how this works:

We will use a U-47 microphone for her vocals, an electric bass guitar, electric key board, and small drum set. The U-47 is an unbalanced device which uses a vacuum tube for gain, and to drive a transformer for balanced output. The electric bass, has balanced pickups, but they are wired unbalanced like most electric bass guitars. Our keyboard is the Roland D-50 which has stereo outputs, but both are unbalanced. For the drum kit we will use three microphones, all with batteries to power the FET which provides gain, and drive for the built-in balanced output transformer. So our mixing board will have four balanced microphone inputs, one with phantom power for the U-47, and three unbalanced inputs. Notice not one device so far starts balanced, and all balanced signals are converted to unbalanced for use by the mixing board. 
OK guys and gal--ah one, ah two, ah three--meters are bouncing around, and levels are set. Let’s start recording. The output of our board is going balanced out on two lines to a digital recorder. After the signal comes in balanced it is converted to ones and zeros, which will become our song in the unbalanced digital data stream. This data will be used to make the CD, which is then rushed to market.  
Once this CD is in your player the unbalanced digital data will be retrieved by a laser and photo diode. The data will be converted back to analog by a DAC, digital to audio converter. Some DAC outputs are unbalanced voltage, some are balanced current. With the balanced current output the signal is converted to either unbalanced voltage, or in very rare circumstances to a balanced voltage all the way to the output. So far, our music signal has started in the unbalanced world, been converted to balanced and back again. OK so balanced lines make good sense with long cable runs, or noisy environments because they can get rid of noise picked up along the way, but do they really matter in my home stereo with 3 feet of inter connect? Is there more to this than CMR? 
Yes!

Each active piece of equipment has its own ground system. Depending on how well the device is engineered there may be zero volts on the ground, or several volts on the ground. When different pieces of equipment are wired together they share each others’ ground. If there is voltage or noise on a piece of the equipment’s ground, it is shared with the others, often times causing hum, known as a ground loop. With balanced lines terminating into transformers these grounds are isolated from each other and ground loops are broken. With solid-state balanced lines, opamps, or discrete, this does not happen because the system ground is still present to share with other equipment. So an unbalanced source that is balanced at the output with an active device, transistors, opamps, vacuum tubes is really just adding more devices to go through with the only advantage being CMR, and then only if there is any external noise on the line. The best way to go “unbalanced to balanced” is with a transformer because it breaks ground loops, and can do the necessary conversion between a high resistance vacuum tube, and the low resistance balanced line.
Lastly, driving dynamic devices balanced or unbalanced. Now Longer Boats may sound superb balanced…stay tuned for part two: Driving dynamic devices with balanced lines.   
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