Activity 4: Logic, Switches, and Gates

Recorder’s Report

Manager: Reader:
Recorder: Driver:
Date: Score:  Satisfactory /  Not Satisfactory

Record your team’s answers to the key questions (marked with W) below.

a) Model 1, Question #1, a—f

b) Model 1, Question #7, a—d

¢) Model 2, Question #11 a—d



Activity 4: Logic, Switches, and Gates

Boolean logic forms the basis for designing the digital logic circuits that make up a computer.
In this lesson we will look at how to build various digital logic gates using relays.

Content Learning Objectives
After completing this activity, students should be able to:
e Create truth tables for AND, OR, NOT, NAND, NOR, and XOR; and

* Use relays to create digital logic gates.

Process Skill Goals

During the activity, students should make progress toward:

¢ Draw circuit diagrams representing six logic gates.

Sources
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Model 1 Truth Tables

In conventional algebra (with numbers), the operands (usually letters) represent numbers and
the operators (symbols such as + and -) indicate how these numbers are to be combined. By
contrast, in Boolean algebra (named for George Boole) an operand represent a set of things and,
while the operators still specify how they are to be combined, the meanings of the symbols are
different. The following table shows four operators, two operands, and three samples. Care-
tully consider the “Meaning” of each operator, operand, and sample to answer the questions.

Operator | Meaning Operand | Meaning Sample | Meaning

x+y | union (elements 0 an empty set (not F female
found in either x or y) the number zero) cats

X-y intersection (elements 1 a universal set M male cats
found in both x and y) (not the number 1)

x —y | difference (a copy of 0 there are
x after removing all no other
elements also in y) cats

X not (same as 1 — x)

Refer to Model 1 above as your team develops consensus answers to the questions below.

Questions (25 min) Start time:
1. Determine the value (0, 1, M, or F): W
a) M+F = h) F+(1—F) =
b)) 1-M= i) F-(1-F)=
c) F-M=
j) F-F=
d)1-F=
k) F+F =
e) 0-F = )
f)0+F= ) M=
g) 1+F= m) M+ M =



2. Determine the value (0 or 1), then fill in the OR truth table.

a) 0+0= ) 14+0=
b) 0+1= d 1+1=
OR 0 1
0
1

3. Determine the value (0 or 1), then fill in the AND truth table.

AND 0 1

4. Determine the value (0 or 1), then fill in the NOT Truth Table.

a) 0= b) 1=

NOT

5. Determine the value (0 or 1), then fill in the NOR truth table.
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6. Determine the value (0 or 1), then fill in the NAND truth table.
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7. Calculate (x +y) - (x-y) for each of the following, then fill in the XOR truth table. =

a) x=0y=0— cx=1Ly=0—

b) x=0y=1— dx=1Ly=1—

XOR | y=0|y=1

X =

X =




Model 2 Logic Gates

Figure 1 shows an electric circuit with a battery on the left, a light bulb on the right, two switches
on the top, and a wire along the bottom (to complete the circuit). When a switch is open (as
shown) we assign it a value of zero. When a switch is closed (and electricity can flow) we assign
it a value of one. The light is on when electricity flows through it. When the light is off, we treat
it as zero; when it is on it is one.

~

Figure 1: Switches in Series

Refer to Model 2 above as your team develops consensus answers to the questions below.
Questions (25 min) Start time:

8. Considering Figure 1:

a) What are the values of the two switches?

b) What is the value of the light?

c) If we treat the switches as inputs and the light bulb as an output, which truth table
matches Figure 1?7

Figure 2 shows an electric circuit with a voltage source on the left, a light bulb and ground on
the right, and two switches in the center. (The voltage source and ground replace the battery
and connecting wire.) When either switch is closed, electricity flows through the switch and
the light bulb from the voltage source to ground.
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Figure 2: Switches in Parallel



9. Which truth table matches Figure 2?

As shown above, we can create circuits with manual switches that mimic truth tables. To create
an automated computer, we need a way to automate these switches.

Figure 3 shows a circuit with two voltage sources, two switches (one black and one grey—
more on this difference shortly), two grounds, a light, and connecting wires, all of which were
introduced above. In addition, in the center below the second (grey) switch and above the first
ground, we have an inductor (the diagram is supposed to look like a coil of wires). While a
traditional switch is manually operated (you press it on or off with your finger), you can also
control a switch by a magnet, or inductor, which pulls the switch down when electricity runs
through it. An inductor plus a switch is called a relay and forms one component (the switch
part of a relay can be operated only by the inductor, so is not considered a separate input to the
circuit).
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Figure 3: Switch, Relay, and Light

10. Considering Figure 3 and the definition of inputs and outputs in question 8(c):

a) What external input(s) does this circuit have?

b) What external output(s) does this circuit have?

Figure 4 shows a relay made up of a (grey) switch on the top and an inductor (connected to
ground) on the bottom. Note that this is similar to the one in Figure 3, but with input and
output labels next to the four black dots. Note also that, unlike a manual switch that is either
open (in which case electricity cannot pass) or closed (so electricity can pass), the switch part of
a relay has two outputs, and will send electricity on one path if the switch is up and on another
path if the switch is down. (Of course, if nothing is connected to the output then electricity will
not flow.)

o OUtput 0
input 0.

' o OUtpuL 1
input 1

Figure 4: Generic Relay



11. Consider the relay in Figure 3 and the labels in Figure 4. What is connected to the Ll
following labeled endpoints (more than just a wire!):

a) input 0? c) output(?
d) output1?
b) input1?

12. Complete Figure 5 to create an inverter (a NOT circuit; see question 4). That is, when the
input (left, black) switch is open (with a value of 0), the light is on (with a value of 1), and when
the switch is closed (1), the light is off (0). Hint: What would change from Figure 3 to have the
light on instead of off when the switch is open (as shown)?

+5V +5V

Figure 5: Inverter

13. A gate is a combination of two or more relays (so technically the inverter is not a gate since
it has only one relay, but it tends to be included in lists of digital logic gates).

Add wires to Figure 6 to create an AND gate (see question 3). (Hint: for the light to be on both
switches need to be closed; think about what path would bring electricity to the light.)

+5V +5V +5V

F*

Figure 6: AND Gate



14. Add voltage sources and wires to Figure 7 to create an OR gate (see question 2).

Figure 7: OR Gate

Circuit designers use special symbols to represent the gates we discuss in this lesson. As you
complete the exercises, consider how much easier it is to use a simple symbol. Learn them!

DD D D D

AND NOT (inverter) NAND NOR XOR

Figure 8: Logic Gate Symbols

15. Add components (voltage sources, wires, and logic gates from Figure 8 as needed) to Figure
9 to create a NAND gate (see question 6).

Figure 9: NAND Gate



16. Add components to Figure 10 to create an NOR gate (see question 5).
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Figure 10: NOR Gate
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