
Binary Arithmetic With Switches


Worksheet: Doing Binary Arithmetic With Switches
Computers and Society, IST 2710

Ordinary switches, such as the light switches on a wall, can be wired and used to do binary arithmetic – adding and subtracting in binary. The earliest computers used electrical versions of these switches called “relays” to calculate. Today, the switches in computers are transistors inside of microchips – much faster, much more reliable, and especially much, much less expensive. But the principal is the same.

Example 1
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We start with a simple electrical circuit with a battery, a switch A and a light bulb C, as in the figure above. The switch "A" shown here in a "neutral" position, but really cannot stay there except when moving from one position to the other.  The switch has a pivot or joint (the little circle at the left), two contacts (the upper and lower little circles on the right) and a switch element (the straight line, which pivots at the joint and is in contact with either the upper or lower contact).


Example 2
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With the circuit shown, if the switch is up, there is a complete path for the current, current flows, and the bulb is on. The switch provides a current path from the pivot to whichever contact the switching element is touching. Electricity, and your pencil, can pass right through the pivot and contacts, but cannot jump between them - it can only take the path laid out by the switching element. Test the existence of a complete circuit by starting out from the "+" battery terminal - the one with the little bump on the end, and tracing around with your pencil, without picking the pencil up, and moving only along lines or across the little circles that are the switch contacts. If you can trace a complete path around, starting at the + battery terminal, through the bulb, and back to the other end of the battery, with no gaps, then there is a complete circuit, current flows, and the bulb is lit. If your pencil has to leave the wires at some point, in order to go around the circuit, then there is no complete path, current is blocked where there is no wire, and the bulb is dark. In this case, there is a complete circuit. See the shining light marks around the bulb?


Example 3
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For the circuit shown, if the switch is down, there is a gap when your pencil reaches the end of the down-pointing switch; there is no path from there to the rest of the circuit on the right side. With the switch down, there is no complete path for the current, current is blocked at the end of the switch, current cannot flow, and the bulb is off.


Example 3A

Now we introduce binary notation – zero and one. If the switch is down, we will call that zero, up and we call it one. If the bulb is off we will call that zero, lit and we will call it one. The table below, that illustrates this, is called a "truth table." This is because, in logic, zero is frequently associated with False and one with True. Remember to trace the path carefully with your pencil.
	A
	C

	0
	0

	1
	1




Example 4

Next we move on to multiple switches, Switch A and Switch B. In binary notation, if Switch A or B is down, we will call that a zero; up and we will call it one. The bulb also stays the same, if bulb C is off, we will call that zero; on and we will call it one. Fill out the truth table for the switch combination below. Either Switch A or Switch B can be up (1) or down (0), for a total of four on-off combinations. Frequently there are switches at the top and bottom of a set of stairs, wired just this way. If the light is off, flipping either switch turns the light on. Similarly, if it is on, flipping either switch turns it off. NOTE: In this style of electrical diagram, wires cross without making electrical contact. When you are tracing the circuit, and you come to a crossing, you cannot turn but must only continue straight across in your original direction. This is "crossing without contact."

A. Working row by row, fill out the truth table below. HINT: if you are having trouble or are uncertain about doing this, draw each switch in the up or down position shown in that row. For example, in the first row A is down and B is down. Then trace the path. Do this in pencil, so you can redraw the switches for the next row.
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	A
	B
	C

	0
	0
	 

	0
	1
	 

	1
	0
	 

	1
	1
	 


B. Now fill out the table below for binary addition (C = A + B). For the time being, ignore carries (we will take carries into account later).
	A
	B
	C = A + B

	0
	0
	 

	0
	1
	 

	1
	0
	 

	1
	1
	 


C. Compare the two tables. What is your conclusion about how we can use this circuit in binary addition?



Example 5: IST 2710 - Homework on switches
Below there are two switches, A and B, wired in a combination known as "series." This combination is used, for example, for a car radio, where both the ignition switch and the radio switch have to be on, in order for the radio to be on. As before, either switch A or switch B can be on or off, making for a total of four combinations. 
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A. Fill out the truth table for this arrangement.

	A
	B
	C

	0
	0
	 

	0
	1
	 

	1
	0
	 

	1
	1
	 


B. Now fill out the truth table below for binary multiplication (C = A x B)
	A
	B
	C = A x B

	0
	0
	 

	0
	1
	 

	1
	0
	 

	1
	1
	 


C. Compare the two tables. What is your conclusion about how we can use this circuit in binary multiplication?

D. In binary addition, let’s say for the time being that, if there is no carry to the next column, that instead we carry a zero to the next column. This will make no difference to the numerical value of the answer, since we always ignore leading zeroes (05 = 5).

Fill in the truth table below for the carry bit in binary addition, and compare it to the truth table in A. What is your conclusion about how we can use this circuit in binary addition?

	A
	B
	C = carry from
A + B

	0
	0
	 

	0
	1
	 

	1
	0
	 

	1
	1
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