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Digital

• The foundation for digital computers
• Automated control systems



Digital evolves from…

• Transistor
– Easily fabricated

– Outputs two distinct levels
• +5V = HIGH = 1
• 0V = LOW = 0



Digital vs analog

• Digital systems deal with ON/OFF states
• Analog systems deal with constant change



Switches in electronics



Lab – switches, pushbuttons

You will…

Check continuity of a pushbutton



DMM setup

Press to turn ON Press SEL Turn to Ohm position

Connect red lead to V,Ohm jack

Connect black lead to COM



Wire DMM to pushbutton…



Open pushbutton

When the pushbutton is not 
pressed, the DMM displays OL.

The pushbutton is in the open 
position



Closed pushbutton

When the pushbutton is pressed, 
the DMM displays 0.0.

The pushbutton is in the closed 
position



Lab completed



Relay as a switch



Lab -- Relays
You will…

Wire a relay for basic operation



DMM setup to measure resistance

Press to turn ON Press SEL Turn to Ohm position

Connect red lead to V,Ohm jack

Connect black lead to COM



Identify relay terminals

Relay Coil

Relay 
Contacts

Mount the control relay to its base and use the DMM to measure the following:

What is the resistance coil? _______ ohms

What is the resistance between terminals 9 and 5? _______ ohms

What is the resistance between terminals 9 and 1? _______ ohms



DMM setup to measure DC voltage

Press to turn ON Release SEL Turn to VDC position

Connect red lead to V,Ohm jack

Connect black lead to COM



Adjust power supply…

1. Plug power supply to outlet

2. Make sure the ON/OFF 
switch is in the OFF position

3. Connect DMM leads to power 
supply as shown

4. Turn ON the power supply

5. Adjust knobs (+ Volts and –
Volts) until DMM displays 
24Vdc

6. Turn OFF power supply



Wire a relay
1. Wire the circuit as shown

2. Turn ON the power supply

3. What is the voltage across the coil of 
the relay (13,14)?

4. Press the pushbutton

5. What is the voltage across the coil of 
the relay (13,14)?

6. Why?

7. Turn OFF the power supply

To 13 of relay



Ladder diagram

This is the equivalent ladder diagram for the 
relay circuit you just completed.

1314



Can you wire the following ladder diagram?

Blue

This symbol represents relay contacts

Hint: Use the terminal numbers shown in 
the ladder diagram to help you wire the 
circuit

14 13

9 5



Lab completed



Lab -- Gates
You will…

Wire a relay to demonstrate AND 
OR and NOT gates



AND gate

1. Wire the ladder diagram as 
shown

2. Fill the truth table

3. What are your observations?

onon

offon

onoff

offoff

XBA
Truth table



AND logic symbol 



Logic gates using relays

• The AND gate

X

Blue



OR gate

1. Wire the ladder diagram as shown

2. Fill the truth table below (not: we 
have substituted on/off by 1’s and 
0’s)

3. What are your observations?

11

01

10

00

XBA
Truth table



OR logic symbol 



Logic gates using relays

• The OR gate

X

Blue



Things to notice…

• Since a pushbutton can assume two states (0 or 1) and 
there are 2 switches we can say that the total number of 
combinations are:

4

3

2

1

11

01

10

00

XBA

Truth table

inputs22 = 4

Number of switch states 
0 or 1 = 2

Number of pushbuttons

Total combinations



Can you figure out…

• What would be the total number of combinations 
possible if we had 4 pushbuttons?

2_ = __

Number of switch states 
0 or 1 = 2

Number of pushbuttons

Total combinations



NOT gate

1. Wire the ladder diagram as shown

2. Fill the truth table below

3. What are your observations?

1

0

XA
Truth table



NOT logic symbol 



Logic gates using relays

• The NOT (inverter) gate

X

Blue



Lab completed



From relays to IC’s



From relays to IC’s…

• Integrated circuits contain digital gates. 

• IC’s have pins where connections are made.
• The IC in figure 1 has 16 pins

• Pins are numbered as shown



From relays to IC’s…
• The 7408 quad two-input AND gate pin configuration
• 7408 identifies the type of IC
• Quad means four
• Two-input = each gate in the chip has 2 inputs



From relays to IC’s…
• The 7432 quad two-input AND gate pin configuration
• 7432 identifies the type of IC
• Quad means four
• Two-input = each gate in the chip has 2 inputs



From relays to IC’s…
• The 7404 hex inverter pin configuration
• 7404 identifies the type of IC
• hex means six



Rest…



Truth tables, the easy way…

111116

011115

101114

001113

110112

010111

100110

00019

11108

01107

10106

00105

11004

01003

10002

00001

XDCBAComb

inputs



Truth table, the easy way…

The truth table for two pushbuttons is easy 
but how do you go about making one for 
four pushbuttons?



16

14

13

12

11

10

9

8

7

6

5

4

3

2

1

XDCBAComb

Truth table, the easy way…

1. Since we know that 24 = 16, we can 
make a table as shown 

2. Place the inputs to the left and outputs 
to the right of it.

inputs output



1

016

114

013

112

011

110

09

18

07

16

05

14

03

12

01

XDCBAComb

Truth table, the easy way…

1. Since we know that 24 = 16 possible 
combinations, that means we will need 
16 rows.

2. Place the inputs to the left and outputs 
to the right of it as shown.

3. Fill the LSB (least significant bit) “D” 
column as shown.

inputs output



1116

0115

1014

0013

1112

0111

1010

009

118

017

106

005

114

013

102

001

XDCBAComb

Truth table, the easy way…

1. Since we know that 24 = 16, we can 
make a table as shown 

2. Place the inputs to the left and output to 
the right of it

3. Fill the LSB (least significant bit) “D” 
column as shown

4. Fill the “C” column as shown. Notice 
that the you have doubled the number 
of 0’s when you start the column.

inputs



11116

01115

10114

00113

11012

01011

10010

0009

1118

0117

1016

0015

1104

0103

1002

0001

XDCBAComb

Truth table, the easy way…

1. Since we know that 24 = 16, we can 
make a table as shown 

2. Place the inputs to the left and output to 
the right of it

3. Fill the LSB (least significant bit) “D” 
column as shown

4. Fill the “C” column as shown

5. Fill the “B” column as shown. Notice that 
the you have doubled the number of 0’s 
when you start the column.

inputs



111116

011115

101114

001113

110112

010111

100110

00019

11108

01107

10106

00105

11004

01003

10002

00001

XDCBAComb

Truth table, the easy way…

1. Since we know that 24 = 16, we can 
make a table as shown 

2. Place the inputs to the left and output to 
the right of it

3. Fill the LSB (least significant bit) “D” 
column as shown

4. Fill the “C” column as shown

5. Fill the “B” column as shown

6. Fill the “A” column as shown. Notice that 
the you have doubled the number of 0’s 
when you start the column.

inputs



111116

011115

101114

001113

110112

010111

100110

00019

11108

01107

10106

00105

11004

01003

10002

00001

XDCBAComb

Truth table, the easy way…

1. Since we know that 24 = 16, we can 
make a table as shown 

2. Place the inputs to the left and output to 
the right of it

3. Fill the LSB (least significant bit) “D” 
column as shown

4. Fill the “C” column as shown

5. Fill the “B” column as shown

6. Fill the “A” column as shown

7. You have completed the table for all 
possible combinations

inputs



Can you make a truth table?

• Draw the logic gate, truth table and relay 
circuit for an OR gate with 3 inputs.

• What is the total number of combinations?
• When will the output be 0 (OFF)?


