


           Preface to “Ohm’s Law and more!” by G. Art Gibson
The author sincerely hopes that you will enjoy his hands-on multimeter practice lab to put into practice some of 
the basic fundamental laws of science and electronics.  This is a brand new lab in the planned Mr Circuit 
Technology ‘Peer Jumper’ Series.

The concept of ‘peer jumper’ is the idea that these lab experiences with give the student hands-on experience 
that should help them ‘jump’ way ahead of the pack.  As such, it serves as a 'Peer Jumper' to give them more 
opportunities at employment and entrepreneurship.  This lab is meant to be of particular importance for students 
of technology, science, engineering, and math (STEM).

This first ‘peer jumper’ lab comes with a 76-page 30-lesson hands-on lab manual, all the components for the 
experiments, a 9 volt battery power source, a solderless circuit board to build circuits, 10 colored 5mm LEDs (red, 
green, yellow, blue, clear) and 14 resistors for test and measurement, a full-color pdf slide presentation of the 
lessons so you can read and watch the lessons in full-color on your computer or Smart Board at anytime. Even 
the Digital Multimeter is provided.

In this lab, you will work with formulas for Ohm's Law, Watts Law, calculate the equivalent resistance of resistors 
in series and parallel, use a multimeter to determine the ohms of resistors in series and parallel, calculate resistor 
wattage, calculate resistor values in LED circuits, calculate and measure current in series and parallel circuits, 
calculate and measure voltage drops, and more. You will get practice reading resistor values, current, and 
voltage on the display of the Digital Multimeter. You will also get more practice using a solderless circuit board to 
build electronic circuits. (See the whole Skill Set in the front of the lab manual)

Jump ahead of your peers, and stay there, with this new Mr. Circuit Technology 'Peer Jumper' Lab "Ohm's Law 
and More!"
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Science/Technology Lab #101
“Ohm’s Law and More!”

Multimeter Lab #1201
“Ohm’s Law and More!”

(Title Page)
created by author and educator g. art gibson and 

technically edited by jack carter

This lab was created to meet the needs of STEM, Automotive, HVAC, and Electronics students to 
become more proficient in the use of the Digital Multimeter. I have trained many technical people 
and one of their biggest needs was to know how to use and interpret the readings on a multimeter. 
In this lab, they will work with formulas for Ohm's Law, Watts Law, resistors in series, and resistors 
in parallel. They will learn to calculate resistor wattage, resistors values with LEDs, current in series 
and parallel circuits, voltage drop, and more. They will get practice reading resistor, current, and 
voltage values and interpreting the readings on the display of a Digital Multimeter. This knowledge 
and experience will open up more opportunities at employment and entrepreneurship.

G. Art Gibson, 
Author/Educator
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OHM’S LAW
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                 Upon completion of this lab, the student will be able to:
Identify the physical appearance and schematic symbols of a single cell, battery, an LED, and a resistor.
Explain how cells connected in series form a multicell device called a battery and draw the schematic..
Describe the schematic symbol for an LED, show the polarity with Anode and Cathode.
Describe the purpose of the ‘flat side’ and the ‘short lead’ on the LED in reference to the Cathode..
Understand that the long leg of the LED is the  positive side or the Anode.
Understand that the beveled edge on an LED is the way to find the Cathode if the LED is in a wired circuit.
Understand how to use the Resistor Color Code to identify resistor values for both 5% and 1% resistors.
Take inventory of electronic components and report any discrepancies.
Draw a simple circuit schematic with symbols and label them including their polarity.
Build a basic circuit using the solderless circuit board, an LED, various resistors and a 9-volt battery. 
Match the physical components to their schematic symbol.
Construct a circuit using a schematic diagram.
Understand the construction of a solderless circuit board.
Use Ohm’s Law to calculate voltage, current, and resistance.
Calculate the equivalent resistance of two resistors in series.
Calculate the equivalent resistance of two resistors in parallel.
Identify various voltage drops across different colored LEDs.
Calculate the additional resistance needed in an LED circuit based on voltage of the power source.
Connect multiple LEDs in a parallel circuit.
Measure a variety of values of ohms with a digital multimeter.
Interpret the reading on the multimeter display in the Ohms function. 
Set up a multimeter to check the current flowing in a circuit. Convert from Amps to mAmps to uAmps
Connect the multimeter to a circuit and measure the current.
Break a series circuit and connect the multimeter to measure the current.
Explain that the current flowing in a series circuit is the same amount through each component.
Explain the effect of the amount of current flowing in an LED circuit on the brightness of the LED.
Set up a multimeter to measure DC voltages. Convert from Volts to mVolts to uVolts
Measure DC voltage and voltage drops across components in an active circuit.
Calculate the minimum wattage needed in a resistor. And More!
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Front cover, Title Page, Skill Set
    Lesson #1   REVIEW ELECTRONIC COMPONENTS such as the cell, the battery, the LED, and the resistor
    Lesson #2   Connect cells in series and draw a schematic diagram of them
    Lesson #3   Work with an LED and its schematic symbol
    Lesson #4   REVIEW RESISTOR COLOR CODE and how to use it
    Lesson #5   Use the Resistor Color Code with +/- 5% resistors
    Lesson #6   Use the Resistor Color Code with +/- 1% resistors
    Lesson #7   Take inventory of all the lab parts
    Lesson #8   PRACTICE DRAWING A SCHEMATIC diagram of a simple circuit
    Lesson #9   Compare schematic symbols to their actual components
    Lesson #10 Connect components of a simple circuit
    Lesson #11 USE A SOLDERLESS CIRCUIT BOARD  to build circuits
    Lesson #12 Build a circuit with a resistor, an LED, and a 9-volt battery.
    Lesson #13 Compare brightness of an LED with different resistors in the circuit.
    Lesson #14 USE OHM’S LAW with voltage, current, and resistance.
    Lesson #15 Calculate the equivalent resistance and current through two resistors in series
    Lesson #16 Calculate the equivalent resistance and current through two resistors in parallel
    Lesson #17 Compare voltage drops across 5 colors of LEDs
    Lesson #18 Calculate the additional resistance needed with various LEDs
    Lesson #19 Light multiple LEDs in parallel and calculate the additional resistances needed
    Lesson #20 MEASURE RESISTANCE with a variety of Ohm values on a digital multimeter
    Lesson #21 MEASURE CURRENT and set up a digital multimeter to measure different amounts of current
    Lesson #22 Build a simple LED circuit and measure the current flowing between resistor and LED
    Lesson #23 Measure current in the same circuit between the resistor and the battery
    Lesson #24 Measure current in the same circuit between the LED and the resistor
    Lesson #25 Build a circuit with a 470 ohm resistor, a red LED, 9-V battery, and measure the current
    Lesson #26 Build a circuit with a 1000 ohm resistor, a red LED, 9-V battery, and measure the current
    Lesson #27 Build a circuit with a 3300 ohm resistor, a red LED, 9-V battery, and measure the current
    Lesson #28 Build a circuit with a 6800 ohm resistor, a red LED, 9-V battery, and measure the current
    Lesson #29 MEASURE VOLTS and voltage drops across components with a digital multimeter
    Lesson #30 Use Watt’s Law to CALCULATE THE WATTAGE rating required of a resistor, and More!
Glossary, Skill Set, Back cover
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In this lab, we will use some 
electronic components.

Copy these schematic symbols 
onto your Hands-On Activity 
Page so that you learn them.

The schematic symbol for an 
LED has two arrows pointing 
away which indicates light 
emitting from the LED.

The symbol shown for the 
resistor has 3 peaks on the 
bottom and top of the symbol.

A 9-volt battery is a multicell 
device with six small 1.5 volt 
cells in series inside of it.

     

         

         

Pictures of Components Schematic Symbols

9-Volt Battery w/Snap

LED (light emitting diode)

Resistor
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Lab #1201
OHM’S LAW
and more!

Introduction to 
Components LESSON1a

Single Cell (1 1/2  Volts) Single-Cell Symbol

Multi-cell Battery Symbol

LED Symbol

Resistor Symbol

Peaks

2 arrows



Introduction to 
Components 1bActivity Page
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On this page, draw a schematic symbol under each of these components.



Inside a 9-volt battery are 6 
small 1 1/2 volt cells that are 
connected in series giving a 
total of about 9 volts DC.

On the right, you see six 1.5 
volt cells connected in series.

The cells inside a 9-volt battery 
are much smaller.  The larger 
the cell, the longer it will last. 
Two or more cells in series is 
called a battery.

The schematic symbol for a 
battery of any voltage is the 
multi-cell symbol and the 
symbol generally shows just 2 
or 3 cells.

     

         

         

Picture Schematic Symbol

A 9-Volt Battery
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Introduction to the 
battery LESSON2a

Lab #1201
OHM’S LAW
and more!

is a multi-cell device  

DC

These Size AAA cells shown 
here are technically not 
batteries even though most 
people call them batteries.

The symbol for a battery is this 
multi-cell battery symbol 

shown here  

Symbol for a single cell



Introduction to 
Components 2bActivity Page
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On this page, draw a schematic of six 1.5 volt single cells to make a nine volt 
battery. Label the + and - ends.



In today’s world, we use 
LEDs for light everywhere.

The red LED in this lab was 
designed to light up bright red 
and operate on 2 volts DC 
with 18 milliamps of current  
flowing through it. 

The red lens is 5 mm in 
diameter and has two leads 
coming out of it. The shorter 
of the two wire leads is the 
negative side. 

Also, the red plastic case is 
beveled on one edge. We 
call this the ‘flat side’. It 
indicates the negative side.

     

         

         

Description of LED
(light-emitting diode)

Schematic Symbol

LED 
(light-emitting diode)

Beveled edge on LED 
sometimes called the 
‘flat side’ of the LED 
indicates the Cathode.

Red Plastic Lens on LED
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As you see, an LED has a 
positive and negative side, 
which means it has ‘polarity’.

Note: Resistors do not have polarity.

Lab #1201
OHM’S LAW
and more!

Introduction to the 
LED LESSON3a

Cathode (-) of LED

Longer lead = Anode (+) of LED

Shorter lead = Cathode (-) of LED

1

2

3

+

_

+

This line in the symbol 
indicates the negative side of 
LED.

‘Longer lead’ side

‘Shorter lead’ side 
or ‘flat side’



Introduction to 
Components 3bActivity Page
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Draw the schematic symbol for the LED in each of these spaces. 
Be sure to label the shorter and longer leads as we show them on Page 3a.



The amount of resistance, of 
any resistor, is its value 
measured in Ohms.

A 5% resistor has 4 color 
bands painted on it to indicate 
the amount of Ohms. A 1% 
resistor has 5 color bands.

The 2nd to last color band tells 
you how many zeros to add to 
the first numbers.

On a 5% tolerance resistor, the 
first and second color bands 
each represent a number but 
the third color band  tells how 
many zeros to add to the first 
two numbers. 
     

         

         

Brown Red Brown Gold

2 1 zero1 +/- 5%

120 ohms +/- 5%

Reading the value of a Resistor 

How to read the Resistor Color Bands
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The 5% resistor below has four color 
bands. 
         The first one is brown, 
         the second one is red, 
         the third one is brown, and 
         the fourth one is gold.

Using the Resistor Color Code Chart 
on the left, the value of this resistor is 
120 Ohms. (1 and  2  plus one zero)

Tolerance band is always the last band.

The Resistor 
Color Code LESSON4a

Lab #1201
OHM’S LAW
and more!

How to read the Color Code             

If the 2nd to last color band is:
     Gold = move decimal back one place
     Silver = move decimal back two places

For example: 
(1) What would be the color code of a 
          +/-5%     4.7 ohm resistor ?
     (Answer:Yellow, Violet, Gold, Gold)

(2) What would be the color code of a 
       +/-1%     4.7 ohm resistor ?
(Answer:Yellow, Violet, Black, Silver, 
Brown)

If the last color band is:
     Gold = a tolerance of  +/- 5%
     Brown = a tolerance of +/- 1%

These are the numbers for the color 
code bands on a resistor. 
A (+/- 5%) resistor has 4 color bands. 
A (+/- 1%) resistor has 5 color bands.
                 0 =  Black
                 1 =  Brown
                 2 =  Red
                 3 =  Orange
                 4 =  Yellow
                 5 =  Green
                 6 =  Blue
                 7 =  Violet
                 8 =  Gray
                 9 =  White



The Resistor 
Color Code 4bActivity Page
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Color Code Practice:
Write the number that corresponds to each color of the Resistor Color Code.

  ____ =  Black

                 ____ =  Brown

                 ____ =  Red

                 ____ =  Orange

                 ____ =  Yellow

                 ____ =  Green

                 ____ =  Blue

                 ____ =  Violet

                 ____ =  Gray

                 ____ =  White

  

  ____ =  Gray

                 ____ =  Orange

                 ____ =  Blue

                 ____ =  Violet

                 ____ =  Green

                 ____ =  Black

                 ____ =  White

                 ____ =  Yellow

                 ____ =  Brown

                 ____ =  Red

  ____ =  White

                 ____ =  Red

                 ____ =  Orange

                 ____ =  Green

                 ____ =  Blue

                 ____ =  Black

                 ____ =  Violet

                 ____ =  Brown

                 ____ =  Gray

                 ____ =  Yellow

Ans: col 1= 0,1,2,3,4,5,6,7,8,9 col 2 = 8,3,6,7,5,0,9,4,1,2  col 3 = 9,2,3,5,6,0,7,1,8,4



The resistors shown all have 4 
color bands and because the 
last band color is Gold, they 
are all +/- 5% tolerance 
resistors.

For each resistor, the numbers 
are filled in that correspond to 
each band color. Study the 
answers carefully.

We used the Resistor Color 
Code to determine the Value in 
Ohms and Tolerance.

Technicians and engineers 
become proficient in the use of 
the Resistor Color Code in 
their daily work. 

     

         

         

Pictures of +/- 5% Resistors
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Numbers filled in

#R1

#R2

#R3

#R4

#R5

(Brown, Black, Brown, Gold)

(Brown, Black, Red, Gold)

(Brown, Blue, Red, Gold)

(Red, Black, Brown, Gold)

(Orange, Orange, Black, Gold)

Color Code Practice 
with +/- 5% LESSON5a

Lab #1201
OHM’S LAW
and more!

Value in Ohms
   100 ohms

Tolerance +/- 5%

              Number
Band 1 ____1_____
Band 2 ____0_____
Band 3 ___ 1 zero
Band 4 ____5%_____

#R1

#R2 Value in Ohms
   1000 ohms

Tolerance +/- 5%

Value in Ohms
    1600 ohms

Tolerance +/-5%

#R3

Value in Ohms
    200 ohms

Tolerance +/-5%

#R4

Value in Ohms
    33 ohms

Tolerance +/-5%

#R5              Number
Band 1 ___3______
Band 2 ___3______
Band 3 ___0 zeros
Band 4 ___5%______

              Number
Band 1 ___2______
Band 2 ___0______
Band 3 ___1 zero
Band 4 ___5%______

              Number
Band 1 ____1_____
Band 2 ____6_____
Band 3 ____2 zeros
Band 4 ____5%_____

              Number
Band 1 ____1_____
Band 2 ____0_____
Band 3 ___  2 zeros
Band 4 ____5%_____



Let’s practice using the 
Resistor Color Code.

Here are some common 
+/- 5% resistors.

Fill in the answers on the 
right-hand column of this page.

Note: You need to know how to 
use the Resistor Color Code to 
find values of resistors but you 
do not need to memorize it 
because you can always look it 
up when you need it.

If you use it a lot, you will 
automatically memorize it.
     

         

         

Pictures of +/- 5% Resistors
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Activity Page

Value in Ohms
____________

Tolerance ____

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________

#R1

#R2 Value in Ohms
____________

Tolerance ____

Value in Ohms
____________

Tolerance ____

#R3

Value in Ohms
____________

Tolerance ____

#R4              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________

Fill-in Answers 5b

#R1

#R2

#R3

#R4

(Red, Yellow, Red, Gold)

(Brown, Black, Blue, Gold)

(Yellow, Orange, Brown, Gold)

(Blue, Gray, Brown, Gold)



The resistors shown all have 5 
color bands and, because the 
last band color is Brown, they 
are all +/- 1% tolerance 
resistors.

For each resistor, the numbers 
are filled in that correspond to 
each band color. Study the 
answers carefully.

We used the Resistor Color 
Code to determine the Value in 
Ohms and Tolerance.

If the 2nd to last color is Silver, 
move the decimal back 2 
places, if it is Gold, move the 
decimal back only 1 place.

     

         

         

Pictures of +/- 1% Resistors
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Numbers filled inColor Code Practice 
with +/- 1% LESSON6a

Lab #1201
OHM’S LAW
and more!

Value in Ohms
   47,000 ohms

Tolerance +/- 1%

              Number
Band 1 ____4_____
Band 2 ____7_____
Band 3 ____0_____
Band 4 ____2 zeros
Band 5 ____1%_____

#R1

Value in Ohms
  2,000,000 ohms

Tolerance +/- 1%

              Number
Band 1 ____2_____
Band 2 ____0_____
Band 3 ____0_____
Band 4 ____4 zeros
Band 5 ____1%_____

#R2

Value in Ohms
   560 ohms

Tolerance +/- 1%

              Number
Band 1 ____5_____
Band 2 ____6_____
Band 3 ____0_____
Band 4 ____0 zeros
Band 5 ____1%_____

#R3

Value in Ohms
   2 ohms

Tolerance +/- 1%

              Number
Band 1 ____2_____
Band 2 ____0_____
Band 3 ____0_____
Band 4 decimal back 2
Band 5 ____1%_____

#R4

#R1
(Yellow, Violet, Black, Red, Brown)

#R2
(Red, Black, Black, Yellow, Brown)

#R3
(Green, Blue, Black, Black, Brown)

#R4
(Red, Black, Black, Silver, Brown



Let’s practice using the 
Resistor Color Code with some 
+/- 1% resistors which have 5 
color bands. 

Fill in your answers on the 
right-hand column of this page.

Remember that 1% resistors 
have 5 color bands.  The same 
Color Code colors apply but 
the tolerance color is Brown 
and not Gold like the 5% 
resistors.

Take your time. The first 3 
colors are numbers followed by 
the 4th color which is quantity 
of zeros to add at the end of 
the first 3 numbers. 

The fifth color, Brown, is the 
Tolerance. 

         

         

Pictures of +/- 1% Resistors
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#R1
(Brown, Gray, Black, Gold, Brown)

#R3
(Brown, Black, Black, Red, Brown)

#R4
(Violet, Green, Black, Orange, Brown

Activity Page Fill-in Answers 6b

Value in Ohms
____________

Tolerance ____

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________

Value in Ohms
____________

Tolerance ____

Value in Ohms
____________

Tolerance ____

Value in Ohms
____________

Tolerance ____

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________

#R2
(Brown, Orange, Black, Brown, Brown)

Value in Ohms
   _________

Tolerance _____

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________
Band 5 _________

#R1

#R2
Value in Ohms
   _________

Tolerance _____

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________
Band 5 _________

#R3
Value in Ohms
   _________

Tolerance _____

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________
Band 5 _________

#R4
Value in Ohms
   _________

Tolerance _____

              Number
Band 1 _________
Band 2 _________
Band 3 _________
Band 4 _________
Band 5 _________



Now you are going to take an 
inventory of the parts you will use 
in this lab.

Open up the Inventory Parts and 
take out the parts.

Lay each part on top of its picture 
on the right.

Be sure to observe the colors on 
the resistors carefully so each 
resistor is in the correct spot.

Taking an accurate inventory is a 
good skill to have.

If any parts are missing, try to
obtain those parts before you 
continue with the experiments.

         

         

9-volt Battery Snap

Solderless Circuit Board

LEDs (light-emitting diodes
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10,000 Ohms (10k)

6800 Ohms
(6.8k)

39,000 Ohms (39k)

330,000 Ohms (330k)

470,000 Ohms (470k)

1,000,000 Ohms (1 M)

Resistors
100 Ohms

220 Ohms

330 Ohms

390 Ohms

470 Ohms

1000 Ohms 
(1k)

1200 Ohms 
(1.2k)

3300 Ohms
(3.3k)RED

YELLOW

GREEN

BLUE

CLEAR

Orange, White, Brown, Gold

Yellow, Violet, Brown, Gold

Orange, Orange, Red, Gold

Brown, Black, Red,, Gold

Blue, Gray, Red, Gold

Red, Red, Brown, Gold

Brown, Black, Brown, Gold

Orange, Orange, Brown, Gold

Brown, Red, Red, Gold

Brown, Black, Orange, Gold

Orange, White, Orange, Gold

Yellow, Violet, Yellow, Gold

Orange, Orange, Yellow, Gold

Brown, Black, Green, Gold

Mr Circuit Lab 1201
Inventory LESSON7a

Lab #1201
OHM’S LAW
and more!

_

+
Red Wire

Black Wire

(Positive)



(5) How many resistors have a value 
under 1000 ohms?

     __________

(6) How many resistors have a value 
of over 1000 ohms?

     __________

(7) How many of each color of LED 
are there?

     __________

(8) How many color bands are on 
each resistor included in the 
inventory?

     __________

(1) How many resistors are 
there in this inventory of parts?

      _______________

(2) How many LEDs are in the 
inventory?

       _______________

(3) How many different colors 
of LED are in the inventory?

      ________________

(4) A 9-volt battery snap has 
two wires coming out of it. 
What are the two colors of 
insulation on these two wires?

(a) _________________
(b) _________________

         

         

Activity Page
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Answer these questions Mr Circuit Lab 101 
Inventory 7b

(9) What is the total quantity of parts 
in this inventory?

     _________

(10) How many holes does the 
Solderless Circuit Board have?

     __________

(11) Are the wire leads coming out of 
the LEDs both the same length?

     __________

(12) What color wire is the positive 
of the battery snap?

     __________
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Schematic Diagram of a simple circuit

Here is a schematic diagram 
for a simple series circuit made 
up of a battery, a resistor and 
an LED.

There are 3 schematic 
symbols in this circuit. You 
should know them by now.

In this circuit, the electrons 
leave the negative side of the 
battery and travel through the 
LED, then through the resistor 
and back to the positive side of 
the battery.

This flow of electrons will cause 
the LED to light up.

         

         

Build a simple circuit 
LESSON8a

 Lab #1201
OHM’S LAW
and more!



Build a simple circuit 8bActivity Page
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On this page, draw the schematic of the simple circuit on Page 8a. Label all the components with their names.



Here we have the schematic 
diagram with the electronic 
components layed out next to 
their symbol.

The LED has the short lead, or 
negative side on the left to match 
the schematic symbol.

A resistor is laying next to its 
schematic symbol.

The 9-volt battery and battery 
snap are set up to match the 
positive and negative of the the 
battery.

The small stub on the battery is 
the positive and fits into the larger 
clip on the battery snap. The 
larger clip is connected to the red 
wire on the snap.
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Small stub on 
battery is the 

positive.

Components

+_

9-volt battery

Short 
Lead

_ +
(+)

_ +

Simple circuit and 
components LESSON9a

 Lab #1201
OHM’S LAW
and more!

Red 
Wire

Black
Wire



(5) How many resistors are in this 
simple circuit?

     _______________

(6) How many LEDs are in this 
simple circuit?

     _______________

(7) What color is the negative lead 
on the 9-volt battery snap?

     _______________

(8) Is this circuit operating on a cell 
or a multicell power source?

     _______________

Copyright Mr Circuit Technology 2021

(1) Is the short lead on the 
LED the negative or the 
positive?

      _______________

(2) On the 9-volt battery, is the 
small stub the positive?

       _______________

(3) On the 9-volt battery snap, 
is the large clip the positive?

      ________________

(4) A 9-volt battery snap has 
two connections, one for 
positive and one for:?

      _______________      

         

Activity PageAnswer these questions Simple circuit and 
components 9b

(9) What is the total quantity of parts 
in this inventory?

     ______________

(10) What do the arrows on the LED 
symbol indicate?

     _______________



Here we see pictures of the 3 
electronic components, i.e. the 
LED, the resistor, and the 
battery snap for the 9-volt 
battery.

On the far right, we show all 
the all the components 
soldered together.

We could solder the circuit like 
this but we are going to show 
you how to build this and other 
circuits using a solderless 
circuit board.

This is a technique used by  
technicians and engineers 
everyday to try out new 
circuits.

Pictures of components Complete simple circuit 
connected with solder
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Components 
Soldered

LED

470 ohm Resistor

9-volt snap

Short 
Lead

Beveled 
Edge

Short 
Lead

Connecting a simple 
circuit LESSON10a

 Lab #1201
OHM’S LAW
and more!

Red WireBlack Wire



(4) Is the ‘beveled edge’ on the 
same side of the LED as the ‘short 
lead’?
      ________________

(5) What color is the battery snap 
wire that is connected to the ‘short 
lead’ on the LED?

     ____________________

(6) True or False?  An LED has 
polarity, which means it matters 
which side of the battery is 
connected to the LED.

     ____________________

(7) True or False?  If you connect 
the LED wrong, it will not light up 
because it has polarity.  

     ____________________
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(1) In this lesson, what has 
been used to connect the 
components together?

      _______________

(2) What are we going to use 
instead of soldering our circuit 
together?

     ________________

(3) What are the four colors on 
the resistor in this circuit which 
is 470 ohms at +/- 5%?

       (a)_______________
       (b)_______________
       (c)_______________
       (d)_______________

         

Activity PageAnswer these questions Connecting a simple 
circuit with solder 10b

(8) In this lab, you are not going to 
solder the connections, instead you 
are going to use a:

     ____________________

(9) Technicians and engineers use 
solderless circuit boards to allow 
them to build circuits without the use 
of:

     ___________________

(10) Is learning about electronics fun 
for you?

     ___________________
 

Answers for 10b

#1.  solder
#2.  Solderless CB
#3.  Yellow, violet, 
brown, gold
#4.  yes
#5.  black
#6.  true
#7.  true
#8.  Solderless CB
#9.  solder
#10. Yes, No, maybe



 Lab #1201
OHM’S LAW
and more!

Let’s now take a look at what is 
called a Solderless Circuit 
Board or Solderless 
Breadboard.

Study the five boxes on the 
right very carefully so 
understand well how a 
solderless circuit board is 
constructed.

There are many sizes of 
solderless circuit boards so 
that we can build both small 
and large  circuits.

We mostly use low voltages 
with solderless circuit boards 
so that we do not cause 
damage to them.
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A Solderless Circuit Board has many groups of 5 holes. 
Each group of the 5 holes is connected inside the board by 
a continuous metal clip. This clip holds onto any wire 
plugged into it.

Any lead (or wire) inserted into one hole of a group of 5 is 
connected to any other lead inserted into that same group.

Note: None of the groups of 5 are connected to each other.

On this solderless circuit board, there are 17 groups of 5 holes on 
each side of the Channel, for a total of 34 groups.

This group

is not connected to

this group

or any other group.

1.

Group of 5 holes

There are 34 of these 
groups on this board.

2.

4.

5.

This is a 
Channel to 

allow insertion 
of an integrated 
circuit across it.

3.

Solderless Circuit 
Board LESSON 11a



(4) The purpose of a solderless 
circuit board is to be able to connect 
circuits without the use of?

     ____________________

(5) True or False?  There is only one 
size of solderless circuit board.

     ____________________

(6) How many groups of 5 holes are 
on each side of the channel of the 
solderless circuit board in this lab?

     ____________________

(7) True or False?  To connect two 
wires on a solderless circuit board, 
you insert the two wires into the 
same group of 5.

     ____________________
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(1) How many groups of 5 
holes are there in the 
solderless circuit board?

      _______________

(2) What is the purpose of the 
channel in the middle of the 
solderless circuit board is to 
allow the insertion of an 
integrated:

     ________________    

(3) Are any groups of 5 holes 
connected to any other group?

      ________________

         

Activity PageAnswer these questions Connecting with a 
Solderless Circuit Board 11b

(8) Technicians and engineers use 
solderless circuit boards to allow 
them to build circuits without the use 
of:

     ___________________

(9) True or False?  We use low 
voltages on solderless circuit boards 
to prevent damage to them.

     ____________________

(10) True or False?  Each group of 5 
holes has a metal clip that connects 
any wires plugged into that group of 
5 holes.

    _____________________

Answers for 11b

#1.  34
#2.  circuit
#3.  no
#4.  solder
#5.  False
#6.  17
#7.  true
#8.  solder
#9.  true
#10. True



Step 1 - Get out the solderless 
circuit board, a red LED, a 470 
ohm resistor, and a 9-volt 
battery snap.

Step 2 - Insert the LED with, the 
beveled edge on the left side.

Step 3 - Insert the leads of the 
470 ohm resistor. (Since 
resistors do not have polarity, it 
does not matter which way you 
plug it into the board.) 

Step 4 - Insert the battery snap 
leads as shown.

Step 5 - Connect a 9-volt 
battery and observe the 
brightness of the LED. (If the 
LED does not light, check your 
connections.)

#1

#2

#3

#4

Get Solderless Circuit Board

Install the red LED  Install the 9 volt Snap

Install the 470 ohm resistor

Beveled 
Edge

470 ohm

Black

LED

LED

LED

Red

 Lab #1201
OHM’S LAW
and more!

Simple Circuit on a 
SCB LESSON 12a

Copyright Mr Circuit Technology 2021

Beveled 
Edge

Beveled 
Edge



(4) Does this red LED have polarity?
     ____________________

(5) True or False? Even if you 
connect the ‘long lead’ of the LED to 
the negative (or black lead of the 
battery snap), it will still light up.
          
     ____________________

(6) The red lead of the battery snap 
is connected to the:

     ____________________

(7) True or False?  One side of the 
470 ohm resistor is connected to the 
‘long lead’ on the LED and the other 
side is connected to the black wire 
of the battery snap.

     ____________________
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(1) Are the black wire of the 
9-volt snap and the beveled 
edge side of the LED plugged 
into the same group of 5 
holes?

      _______________

(2) Are both leads of the LED 
plugged into the same group of 
5 holes?

     ________________    

(3)Does the 470 ohm resistor 
have polarity?

      ________________

         

Activity PageAnswer these questions Simple circuit on a 
Solderless Circuit Board 12b

(8) If you can’t determine which lead 
is the ‘short lead’ on an LED, look 
for the _________________ edge to 
find the Cathode or negative side of 
the LED?

     ___________________

(9) True or False? This red LED will 
work just fine if it is connected 
directly across the 9-volt battery.  
            
     ____________________

(10) Did your LED light up when you 
connected a 9-volt battery to the 
circuit?

     ____________________

Answers for 12b

#1.  yes
#2.  no
#3.  no
#4.  yes
#5.  false
#6.  resistor
#7.  true
#8.  beveled
#9.  false
#10. yes



Now you will build two circuits 
made up of a battery, a resistor 
and an LED.

Step 1 - First, build the circuit for 
LED A on your solderless circuit 
board and connect a battery to 
observe the brightness LED A.

Step B - Second, build the circuit 
for LED B on your solderless 
circuit board and connect a 
battery to observe the brightness 
LED B.

Which LED was brighter, A or 
B?  _______

Now we are going to find out 
why.

         

         

 Lab #1201
OHM’S LAW
and more!

Compare “LED 
brightness” LESSON13a
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Compare the brightness of the LEDs

LED A

LED B

1000 ohms

6800 ohms

+

+
Short Lead

Short Lead

+

+

+

+

_

Red

_

Red

Beveled Edge

Beveled Edge
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Activity PageDraw the simple circuit 
schematics

Compare “LED 
brightness” 13b

In this space, draw the schematic diagram 
for the circuit with LED ‘A’. Label all the 
components.

In this space, draw the schematic diagram 
for the circuit with LED ‘B’. Label all the 
components.
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Let’s use Ohm’s Law  

If you want to calculate the Voltage:
Voltage = I x R

If you want to calculate the Current:
Current = E / R

If you want to calculate the Resistance:
Resistance = E / I

#1

100 
ohms

9 volts

Here is a schematic of a resistor 
and a battery. Calculate the current 
that is flowing in this circuit?

Answer:  Current = E / R
                     = 9 / 100

                            = 0.09 Amps

I = ?

470 ohms

#2 Here is a schematic of a resistor 
and a battery. Calculate the 
voltage in this circuit?

Answer:  Voltage = I x R
                     = 0.020 x 470

                            = 9.4 Volts

9 volts

#3 Here is a schematic of a resistor 
and a battery. Calculate the 
resistance in this circuit?

Answer:  Resistance = E / I
                     = 9 / 0.025

                            = 360 Ohms

I = 0.020 
Amps

I = 0.025 
Amps

V = ?

R = ?

George Ohm, a well-known 
scientist, discovered the law 
that governs Voltage, Current, 
and Resistance in an electric 
circuit.

We named the unit of 
resistance ‘OHM’ in his honor.

Ohm’s Law is written in math 
like this:

               E = I x R

We say that Voltage (E) is 
equal to the current (I) times 
the resistance R.

       E  is voltage in Volts

       I   is current in Amps

       R  is resistance in Ohms

         

         

Introduction to 
Ohm’s Law LESSON14a

Lab #1201
OHM’S LAW
and more!
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Activity PageSolve the following 
problems using Ohm’s Law

Introduction to 
Ohm’s Law 14b

How much voltage are in these circuits?                                                                                   Ans: 7.02, 18.2, 23.8 volts

9 volts

I = 0.045 
Amps

390 ohms

I = 0.018 
Amps

V = ___

910 ohms

I = 0.020 
Amps

V = ___
How much current is flowing in these circuits?                                                                     Ans: 0.04, 0.001, 0.009 Amps

680 ohms

I = 0.035 
Amps

V = ___

9

1

7

654

32

220 ohms

9 volts

I = ____ 
Amps

6.8k ohms

9 volts

I = ____ 
Amps

1000 ohms

9 volts

I = ____ 
Amps

How much resistance is in these circuits?                                                                                    Ans: 200, 90, 45 ohms

9 volts

I = 0.1 
Amps

8

9 volts

I = 0.2 
Amps

200, 90, 45 ohms

0.04, 0.001, 0.009 Amps

7.02, 18.2, 23.8 volts



#2 Here is a schematic of two series 
resistors and a battery. Calculate 
the current flowing in this circuit?

Answer:  Current (I) = E / R
 I  = 9 / 1420

 I  = 0.006 Amps or 0.6 mAmps

#3 Here is a schematic of two series 
resistors and a battery. Calculate 
the current flowing in this circuit?

Answer:  Current (I) = E / R
  I  = 9 / 490

 = 0.018 Amps or 18 mAmps

1200 ohms 220 ohms

9 volts

100 ohms 390 ohms

9 volts
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Schematic Diagram of 
two resistors, R1 and R2, 

in SERIES with a 9-volt battery 

330 ohms

9 Volt Battery

100 ohms

I = E / R
How much is the current 

flowing in this circuit?  
__________

#1
If you put two resistors in 
series, the total resistance 
in the circuit is equal to the 
sum of the two resistors.

If we put a 100 ohm resistor 
in series with a 330 ohm 
resistor, the total resistance 
in the circuit is 100 plus 330 
or 430 ohms.

Use Ohm’s Law to calculate 
the current:
E = 9 volts
R (total) = 100 + 330 = 430 
I = ?
Ohm’s Law says:
               I = E / R
     I = 9 / 430 = 0.02 Amps 
or 20 mA (twenty milliamps)

         

         

2 resistors in Series 
LESSON15a

 Lab #1201
OHM’S LAW
and more!
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Activity PageSolve the following 
problems using Ohm’s Law

2 resistors in Series
With Ohm’s Law 15b

Here are circuits with 2 resistors in Series. With Ohm’s Law, calculate the current flowing in each circuit.

1

654

32

I = ____ 
Amps

8200 ohms 430 ohms

9 volts

I = ____ 
Amps

5600 ohms 330 ohms

9 volts

I = ____ 
Amps

1200 ohms 1200 ohms

9 volts

I = ____ 
Amps

270 ohms 100 ohms

9 volts

I = ____ 
Amps

680 ohms 220 ohms

9 volts

I = ____ 
Amps

120 ohms 910 ohms

9 volts

(Round your answer to the nearest thousandth.)

Ans: 0.024, 0.010, 0.009, 0.006, 0.002, 0.004



If you put two resistors in 
parallel, the total resistance in 
the circuit is calculated by the 
formula:
R (total) = (R1 x R2) / (R1 + R2)

(In words, this formula says that the 
total equivalent resistance of two 
resistors in parallel is R1’s value in 
ohms multiplied by R2’s value in 
ohms divided by the sum of R1 and 
R2.) 

If R1 is 100 ohms and
   R2 is 330 ohms then:

R (total) = (100 x 330) / (100 + 
330) = 33,000/430 = 77.7ohms
Ohm’s Law says: 
            I = E / R(total)

I = 9 / 77.7 = 0.116 Amps or 
               116 mAmps.
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Schematic Diagram of 
two resistors, R1 and R2, in 

PARALLEL with a 9-volt battery 

#2 Here is a schematic of two parallel 
resistors and a battery. Calculate 
the R(total) and the current.

R(total) = (1200x220) / (1200+220)=185.92
I  = 9 / 185.92

I  = 0.0484 Amps or 48 mAmps

#3 Here is a schematic of two parallel 
resistors and a battery. Calculate 
the R(total) and the current.

9 Volt Battery

R(total) = (R1 x R2) / (R1 + R2)
Then I = E / R(total)

How many milliamps of 
current are flowing in this 

circuit?  __________

100 ohms

330 ohms

9 volts

#1

220 ohms

1200 ohms

9 volts

100 ohms

390 ohms

9 volts

R(total) = (100x390) / (100+390) = 79.59
I  = 9 / 79.59

I  = 0.113 Amps or 113 mAmps

Ohm’s Law with 2 
resistors in Parallel16a

Lab #1201
OHM’S LAW
and more!
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Activity PageSolve the following 
problems using Ohm’s Law

2 resistors in Parallel
With Ohm’s Law 16b

Here are circuits with 2 resistors in Parallel.  With Ohm’s Law, calculate the current flowing in each circuit.

1

654

32

(Round your answer to the nearest thousandth.)

Ans: 0.098, 0.074, 0.032, 0.147, 0.031, 0.166

I = ____ 
Amps

100 ohms

1200 ohms

9 volts

I = ____ 
Amps

220 ohms

 270 ohms

9 volts

I = ____ 
Amps

680 ohms

 470 ohms

9 volts

I = ____ 
Amps

75 ohms

 330 ohms

9 volts

I = ____ 
Amps

430 ohms

 910 ohms

9 volts

I = ____ 
Amps

56 ohms

1800 ohms

9 volts

R1 R2 E R equiv Current
1200 100 9 92.31 0.098
270 220 9 121.22 0.074
470 680 9 277.91 0.032
330 75 9 61.11 0.147
910 430 9 292.01 0.031

1800 56 9 54.31 0.166



Each LED is designed to 
operate at a certain amount of 
voltage. We call that voltage a 
voltage drop.

The Red, Yellow, and Green 
LEDs supplied in the Parts Kit 
for this Lab are designed to 
drop 2 volts at a current of 
0.018 Amps (18 milliAmps).

The Blue and Clear LEDs that 
are supplied in the Parts Kit for 
this Lab are designed to drop 3 
volts at a current of 0.014 Amps 
(14 milliAmps).

Observe the schematic 
diagrams below the pictures of 
the LEDs on the right and copy 
them into your notes.              

         

         

These 3 LEDs are 
designed to drop 2 volts.

These 2 LEDs are 
designed to drop 3 volts.

RED YELLOW
GREEN
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BLUE

CLEAR

Voltage-Drop 
across LEDs

 Lab #1201
OHM’S LAW
and more!

17a



(4) The voltage that an LED uses is 
referred to as a:
      ___________________

(5) Are the red and the blue LEDs 
designed to drop the same amount 
of voltage?

     ____________________

(6) How much voltage does the red 
LED in this lab drop?

     ____________________

(7) Draw the schematic symbol for a 
red LED.
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(1) In this lesson, we learned 
about how many colors of 
LEDs?

      _______________

(2) Are all LEDs designed to 
operate on the same amount 
of current?

     ________________

(3) What are the five colors of 
the LEDs used in this Lab?

       (a)_______________
       (b)_______________
       (c)_______________
       (d)_______________
       (e)_______________

         

Activity PageAnswer these questions LED voltage drop 17b

(8) Draw the schematic diagram for 
a blue LED.

 (9) Are the schematic diagrams for 
the red LED and the blue LED the 
same?

     ___________________

(10) Do all five of our LEDs have the 
same schematic diagram?

     ___________________
 



In an electronic circuit, each 
component in the circuit ‘drops’ a 
certain amount of voltage. 

For example, a red LED usually 
drops 2 volts at 18 mAmps. We 
say that there is a ‘voltage drop’ 
across the LED of 2 volts.

The additional resistor in the circuit 
has to drop the balance of the 9 
volts.

For example, if we use a 9-volt 
battery to power the circuit, and 
the voltage drop across the LED is 
2 volts, then the additional resistor 
must provide a voltage drop 7 
volts.

Using Ohm’s Law then, we 
calculate the value of the 
additional resistor with the 
following  version of the Ohm’s 
Law formula:

             

         

         

                     

RADD = value in ohms of the additional resistor

ERES  = voltage drop across the additional       
resistor = with a 9v battery = 7 V

 ILED = current needed by the LED = red LEDs 
need 0.018 Amps to operate

The schematic below shows a red LED in series 
with a 9-volt battery and an additional resistance.

Here is the schematic of the circuit:

What about if you use a different voltage, other 
than 9 volts, to power the red LED?

Here are some examples:

Suppose you use a 5-volt power supply. 
Put (5 volts - 2 volts) into the formula as follows:

                 RADD = ERES /  ILED 

          RADD  = (3 / 0.018)

                   RADD  =  167 ohms

Now, suppose you have 6-volts to power the 
circuit. Put (6 volts - 2 volts) into the formula.

                    RADD = ERES /  ILED 

          RADD  = (4 / 0.018)

                      RADD  = 222 ohms
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With
5V

With
6V

RADD 

RADD =  ERES /  ILED 

We have a voltage 
drop across the red  

LED of 2 volts
(We need a voltage 
drop of 7 volts 
across this 
additional resistor.)

RADD =  ? ohms

Put the numbers into the formula:
         RADD  = 7 / 0.018 = 389 ohms

RADD =  ERES /  ILED

Additional resistance 
with LEDs LESSON18a

 Lab #1201
OHM’S LAW
and more!
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(1) If you have a red LED and 
you have a 12 volt power 
source, how much additional 
resistance do you need so that 
the LED will light up and not 
burn out?

      __________  Ohms

(2) Draw a schematic showing 
the circuit with the red LED, 
the additional resistor and 
12-volt power source. 

Use the multicell battery 
symbol for your 12-volt power 
supply.

Label the resistor with the 
value you calculated in 
question #1.

         

Activity PageAnswer these questions Additional resistance 
with LEDs 18b



If you want to light multiple 
LEDs, then connect them in 
parallel as shown in the circuit 
on the right.

If you try to connect LEDs in 
series, each time you add an 
LED, the brightness of each 
in-series LED diminishes and 
also you have a possibility of 
burning out the LEDs because 
of the way they react in the 
circuit.

All the calculations you know 
how to do, in regards to the 
‘additional resistance’ values, 
apply. Whatever additional 
resistance you come up with, 
all the LEDs will use that same 
value of resistor.
             

         

         

Multiple LEDs 
in Parallel LESSON19a

 Lab #1201
OHM’S LAW
and more! Copyright Mr Circuit Technology 2021

When wired in parallel, 
each LED has the same     

brightness.

 
The schematic below shows 3 red LEDs in 
parallel circuit with a 9-volt battery. Each 
LED has its own additional resistance. The 
additional resistance is calculated 
depending on the color of the LED and the 
voltage of the battery.

battery

Additional 
Resistances

The circuit you see in this 
schematic is built on the 
solderless circuit board on 
the right.
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(1) In the box on the right, copy 
the schematic of the 3 LEDs 
wired in parallel from page 
19a.

(2) If you have red LEDs and a 
power source of a 12 Volt 
battery, how much additional 
resistance do you put in series 
with each LED?

     _______________ ohms

(3) If you have blue LEDs and 
a power source of a 12 volt 
battery, how much additional 
resistance do you put with 
each LED?

     _______________ ohms

         

Activity PageRead the Meter Additional resistance with 
LEDs in parallel 19b

#2.  Res = 10/0.018 = 556 ohms   #3.  Res = 9/0.014 = 643 ohms



                   VERY IMPORTANT INFORMATION ABOUT USING THE MULTIMETER
               To avoid damage to the DMM, this is the correct procedure to set up the meter:

Examples of what NOT TO DO:
a. Do not set the meter dial on 2000m, which is 2 volts, and then connect the meter probes to a 9-volt 

battery,  this will damage the meter.
b. Do not set the meter dial on 20m and try to measure a current larger than 20 milliamps, this will 

damage the meter.
c. Do not set the meter dial on 20m and connect the probes to a 9-volt battery, this will damage the 

meter.
d. Do not set the meter dial on any position to measure ohms and then connect the meter probes to a 

voltage. This will damage the meter. 

1. With the meter turned OFF, set the meter dial to the correct position.
2. Turn the on/off switch to ON.
3. Touch the tips of the meter probes to the circuit or device under test.

Multimeter Setup 20a1

 Lab #1201
OHM’S LAW
and more!

If you want to measure a voltage and you are not sure what range to use, 
start at the highest voltage position on the dial which is the 250V position.  
Touch the probes to see what you read.  If it is too low, then move the dial 
to 200V, etc.

NOTE: IN THIS LAB MANUAL, WE SHOW ALLIGATOR CLIPS 
CONNECTED TO THE CIRCUITS BUT WE WANT YOU JUST TO 
TOUCH THE METER PROBE TIPS TO THE CIRCUIT INSTEAD, TO 
AVOID METER DAMAGE. Copyright Mr Circuit Technology 2021



Multimeter Setup 20b1Here are the 3 steps to avoid damaging the meter.

Copyright Mr Circuit Technology 2021

Step #1: With the meter switched 
OFF, rotate the dial to the correct 
measurement position you need.

Step #2: Then move the meter 
ON/OFF switch to the ON position.

Step #3: Plug in the meter leads to the 
correct sockets and then touch the 

meter probe tips to the circuit.

Meter Probe Tips



A digital multimeter generally has 
5 ranges of resistance values. 

The meter shown here has these 
ranges: 200 Ω, 2000 Ω, 20k Ω, 
200k Ω, and 2000k Ω. 

Remember, to get ‘ohms’, if the 
meter dial position has a ‘k’ then 
move the decimal 3 places to the 
right.

Example: If the meter display 
shows  6.77 on any of positions 
with a k, then the resistor is 6770 
ohms

To start with, let’s take a 100 ohm 
resistor (Brown, Black, Brown, 
Gold)  and measure it on all 5 
scales.
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200 ohm
Dial position 

up to 199 
ohms

2000 ohm
Dial position 

up to 1999 
ohms

200k ohm
Dial position 
up to 199,999 

ohms

2000k ohm
Dial postion

 up to 1,999,999 
ohms

100 ohm
resistor

54321

Meter #1 shows 98.7 ohms (most accurate)
Meter #2 shows 098 ohms
Meter #3 shows 0.10k ohms = 100 ohms
Meter #4 shows 00.1k ohms = 100 ohms
Meter #5 shows 000k ohms = 0 ohms

Measuring Ohms on a 
Digital Multimeter (DMM)

20a2

 Lab #1201
OHM’S LAW
and more!

Note: Since resistors 
do not have polarity, it 
does not matter which 
way you connect the 
meter leads to the 
resistor.

20k ohm
Dial position 
up to 19,999 

ohms

Resistance
Scales
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Let’s practice reading OHMs 
on the DMM. Use your actual 
meter to verify clearly what the 
dial setting is.

Be careful with the ‘k’ as 
explained in the lesson on 
page 20a.

Write the ohms value under 
each meter shown. (Don’t use 
‘k’ in your answer.)

         

Activity PageReading OHMs Measuring Ohms on a 
Digital Multimeter (DMM) 20b2

Ans: 
(1) 1.2 Ω, 
(2) 12,280 Ω 
(3) 18,200 Ω
(4) 74,400 Ω 
(5) 3 Ω 
(6) 148.5 Ω 
(7) 24,100 Ω
(8) 1568 Ω 
(9) 64,000 Ω 
(10) 1,007,000 Ω

                Ω                          Ω                          Ω                          Ω                        Ω          

                Ω                          Ω                          Ω                          Ω                          Ω          

   #1 - 200Ω position  

Resistance
Scales

 #3 - 200k Ω position   #4 - 200k Ω position     #5 - 200 Ω position     #2 - 20k Ω position  

   #6 - 200 Ω position   #8 - 2000 Ω position   #9 - 200k Ω position  #10 - 2000k Ω position    #7 - 200k Ω position  



Tolerance Chart
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± 5 % Resistors

Lab #101
OHM’S LAW
and more!

Resistance Tolerance 
Chart LESSON20a3

The resistors in this lab have a fourth band which is Gold and that means that these resistors are rated at
a ± 5% Tolerance. To be within tolerance, a ± 5% resistor has to be between 5% less to 5% more than the nominal 
resistance. (By nominal, we mean the named or labeled value of a component.) Our resistors have color bands to tell 
you the nominal resistance value of each resistor.
Instructions: Take each resistor’s nominal value and multiply it by 0.95 (which equals the nominal value less 5%) and 
then multiply the nominal value by 1.05 (which equals the nominal value plus 5%) Fill in the Tolerance Chart below by 
writing in the ohms values you calculate. Follow the example below.

6800 X  1.05 =                               Max.

10,000 X  0.95 =                         Min. 10,000 X 1.05 =                             Max.

39,000 X  0.95 =                         Min. 39,000 X 1.05 =                             Max.

330,000 X  0.95 =                       Min. 330,000 X 1.05 =                           Max.

470,000 X  0.95 =                       Min. 470,000 X  1.05 =                           Max.

1,000,000 X  0.95 =                     Min. 1,000,000 X  1.05 =                        Max.

100 X  0.95 =   95 ohms          Min. 100 X 1.05 =  105 ohms             Max.

220 X  0.95 =                         Min. 220 X 1.05 =                                 Max.

330 X  0.95 =                        Min. 330 X 1.05 =                                 Max.

Example: Nominal value = 100 ohms   (Brown, Black, Brown, Gold)

Nominal value = 220 ohms   (Red, Red, Brown, Gold)

Nominal value = 330 ohms   (Orange, Orange, Brown, Gold)

 Lab #1201
OHM’S LAW
and more!



Tolerance Chart ± 5 % Resistors
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Resistance Tolerance 
Chart (Page 2) 20b3

10,000 X  0.95 =                         Min. 10,000 X 1.05 =                             Max.

39,000 X  0.95 =                         Min. 39,000 X 1.05 =                             Max.

330,000 X  0.95 =                       Min. 330,000 X 1.05 =                            Max.

470,000 X  0.95 =                       Min. 470,000 X  1.05 =                           Max.

1,000,000 X  0.95 =                     Min. 1,000,000 X  1.05 =                        Max.

Nominal value = 10,000 ohms (10k) (Brown, Black, Orange, Gold)

Nominal value = 39,000 ohms (390k) (Orange, White, Orange, Gold)

Nominal value = 330, 000 ohms (330k) (Orange, Orange, Yellow, Gold)

Nominal value = 470,000 ohms (470k) (Yellow, Violet, Yellow, Gold)

Nominal value = 1,000,000 ohms (1Meg) (Brown, Black, Green, Gold)



Measure Resistance 
with the meter
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± 5 % Resistors

Lab #101
OHM’S LAW
and more!

Compare to 
Tolerance LESSON20a4

Now we are going to measure the resistance of each of the listed resistors below with the meter set to all the 
different ranges. Fill in the rectangle with what you see in the display for each resistor and each range. 
Circle the most accurate reading for each resistor.  Then, we will compare this reading to the Tolerance 
Chart on 20a2 to check if each resistor is within tolerance. (Remember, that to be within tolerance, a ± 5% 
resistor has to be between 5% less to 5% more than its nominal resistance value.)  We will again use the 
100 Ω resistor as an example. Notice that it says 98.7 ohms. To be within tolerance, this ± 5% resistor with a 
nominal value of 100 Ω has to be between 95 Ω and 105 Ω. It is and therefore it is within tolerance. Now let’s 
check all the rest of the resistors on this page and on page 20b3..

6800 X  1.05 =                               Max.

10,000 X  0.95 =                         Min. 10,000 X 1.05 =                             Max.

39,000 X  0.95 =                         Min. 39,000 X 1.05 =                             Max.

330,000 X  0.95 =                       Min. 330,000 X 1.05 =                           Max.

470,000 X  0.95 =                       Min. 470,000 X  1.05 =                           Max.

1,000,000 X  0.95 =                     Min. 1,000,000 X  1.05 =                        Max.

100 Ω 

220 Ω

330 Ω

200 Ω 2000 Ω 20k Ω 200k Ω 2000k Ω 

Resistance Ranges on Meter 

98.7 098 0.10 00.1 000

Resistor 

 Lab #1201
OHM’S LAW
and more!

Within 
Tolerance 

Circle
Answer 

Yes / No 

Yes / No 

Yes / No 



Tolerance Chart ± 5 % Resistors
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Resistance Tolerance 
Chart (Page 2) 20b4

10,000 Ω 

39,000 Ω

330,000Ω

470,000Ω

200 Ω 2000 Ω 20k Ω 200k Ω 2000k Ω 

Resistance Ranges on Meter 

Resistor 

1,000,000Ω

Within 
Tolerance 

Circle
Answer 

Yes / No 

Yes / No 

Yes / No 

Yes / No 

Yes / No 



Column 1 Column 2 Column 3

Amps (A) milliAmps (mA) microAmps (uA)

0.002 A 2.0 mA Given: 2000 uA

0.0015 A 1.5 mA Given: 1500 uA

0.00035 A 0.35 mA Given: 350 uA

              Remember that 1 Amp = 1000 milliamps = 1,000,000 uAmps
Instructions:  When you fill in the table, as you move from right to left, move the decimal 
point 3 places to the left per column, thus 2000 uA becomes 2.0 mA and 0.002 A

Column 1 Column 2 Column 3

Amps (A) milliAmps (mA) microAmps (uA)

2530 uA

3225 uA

754 uA
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 Lab #1201
OHM’S LAW
and more!

Here is an 
example:

Going from 
right to left, 
move the 
decimal point 
3 places to 
the left.

Following 
the example 
fill in the 
blanks:

Conversion from one unit to another (Amps to mAmps to uAmps)Unit Conversion 
LESSON21a1

When you use a multimeter, you need to know how to convert from one unit to another. Let’s practice with this chart.



Column 1 Column 2 Column 3

Amps (A) milliAmps (mA) microAmps (uA)

Given: 0.5 A 500 mA 500,000 uA
Given: 0.035 A 35 mA 35,000 uA
Given: 0.007 A 7 mA 7,000 uA

              Remember that 1 Amp = 1000 milliamps = 1,000,000 uAmps
Instructions:  When you fill in the table, as you move from left to right, move the decimal 
point 3 places to the right per column, thus 2000 uA becomes 2.0 mA and 0.002 A

Column 1 Column 2 Column 3

Amps (A) milliAmps (mA) microAmps (uA)

Given: 4 A

Given: 0.75 A

Given: 0.001 A
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Lab #101
OHM’S LAW
and more!

Here is an 
example:

Going from 
left to right, 
move the 
decimal point 
3 places to 
the left.

Following 
the example 
fill in the 
blanks:

Conversion from one unit to another (Amps to mAmps to uAmps) Unit Conversion 
LESSON 21b1

When you use a multimeter, you need to know how to convert from one unit to another. Let’s practice with this chart.



When we measure the current 
flowing in a circuit, the MM is 
connected in series with the 
other components in the circuit.
 
The MM adds basically zero 
Ohms of resistance to the circuit 
under test.

In the circuit shown, the 
electrons flow from the negative 
side of the battery, travel 
through the wire to the negative 
side of the LED, then they travel 
out from the positive side of the 
LED through the wire to the 
resistor and then out of the 
resistor to the positive side of 
the battery.

     

         

         

Multimeter Setup
for current measurement

Schematic showing the MM 
in the circuit
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 Lab #1201
OHM’S LAW
and more!

How to measure 
current LESSON21a2

MM

Since we know the approximate 
amount of current expected in our 
circuit is 18 mA, we will set the 
MM dial to the 20m position.

Then insert the: 
a) Black lead into the COM 

socket and the 
b) Red lead in the V Ω mA 

socket.

Then, to measure the current, 
you must connect the meter 
leads in series with the circuit 
as shown in this schematic.

Before we 
connect the 
MM to the 
circuit, we 
need to set 
the MM dial to 
the correct 
position.

Note: We must be very careful that the 
current does not to exceed these setting 
limits or we may permanently damage the 
MM.

20 mA

There are five positions
1. 200u (up to 200 microamps)
2. 2000u (up to 2000 microamps) 
3. 20m (up to 20 milliamps)
4. 200m (up to 200 milliamps)
5. 5A (up to 5 Amps)

Red

Black



(5) When you check the current 
flowing in an LED circuit, which 
current position would you set the 
dial to?
     ____________________

(6) When do you set the meter dial 
to a current position, before or after, 
you connect the meter into the 
circuit?

     ____________________

(7) True or False? The red lead on 
the multimeter is connected toward 
the positive of the battery.

     ____________________

(8)How many ranges or positions 
does our multimeter have for 
current?
     ____________________
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(1) When we measure current 
in a circuit, is the meter 
connected in series or parallel 
with the circuit?

      _______________

(2) True or False? The 
multimeter adds a lot of 
resistance to the circuit you are 
measuring.

       _______________

(3) True or False? To measure 
current, the black lead on the 
multimeter is connected to the 
Anode of the LED?

      ________________

(4) How many mAmps 
generally flows through a red 
LED? _____________      

         

Activity PageAnswer these questions How to measure 
current in a circuit 21b2

(9) If this is on the 20 mAmp 
position, how many milliAmps is it 
showing on this multimeter display?

     ___________________

(10) How many Amps is it showing 
on this multimeter display?

     ____________________

Answers for 21b2

#1.  series
#2.  False
#3.  True
#4.  18 mA
#5.  20 mA
#6.  before
#7.  True
#8.  5
#9.  18.23 mA
#10. 0.01823 Amps



Measure current flowing 
between the LED and the resistor.

Insert the MM into the circuit as 
shown and read the display.
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 Lab #1201
OHM’S LAW
and more!

Measure the current 
LESSON22a

In lessons 22, 23, and 24, we 
are going to verify that the 
amount of current is the same 
everywhere in a series circuit. 

In this series circuit, the current 
flows clockwise from negative 
terminal of the 9-battery through 
the Red LED, through the 
multimeter, through a 390 ohm 
resistor and back to the battery.

Step#1: Build the circuit on a 
Solderless CB but do not 
connect the meter into the circuit 
yet.
Step#2: With the meter turned 
OFF, set the dial position to
20 mA.
Step#3: Insert the Black meter

MM

390 ohm

The meter shows 17.82 mAmps

Circuit Schematic

Red

390 ohm

Black

Red LED

Red

Red

Black

lead into the COM socket and the Red 
meter lead into the V Ω mA socket. 
Step#4: Turn the meter ON.
Step#5: The circuit is still incomplete, or 
open, until you touch the Red probe tip 
to the Anode of the LED and the Black 
probe tip to one side of the resistor (as 
shown, in the picture on the right, by the 
Red and Black alligator clips). The LED 
will light up and your meter display 
should show approximately 18 mA or 
0.018 Amps. The meter on the right 
shows 17.82 mA or 0.01782 Amps. 



(5) In this circuit, Is the Red meter 
probe tip is touching the LED or the 
resistor?

     ____________________

(6) The Black lead from the battery 
snap is connected to the _________ 
of the LED?

     ____________________

(7) If you disconnect the meter from 
this circuit, will the LED continue to 
stay lit?

     ____________________

(8) Before you set the dial position 
on this multimeter, be sure to turn 
the meter ON/OFF switch to

          _______________ .
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(1) To what dial position did 
you set your multimeter to 
measure the current in this 
circuit?
              _______________

(2) To measure current with 
this meter, the Black probe 
lead is plugged into the

       _______________

(3) To convert milliAmps to 
Amps, divide the milliAmps by 
1000. So, how many Amps  is 
17.82 milliAmps?

      ________________

(4) To measure current with 
this meter, the Red probe lead 
is plugged into the 

     _______________      

         

Activity PageAnswer these questions Build a circuit and 
measure the current 22b

(9) How many milliAmps is it 
showing on the multimeter display 
on page 22a?

     ___________________

(10) How many milliAmps was 
showing on your multimeter display 
when you built this circuit?

     ____________________

Answers for 22b

#1.  20 mA
#2.  COM
#3.  0.01782 Amps
#4.  V Ω mA
#5.  Resistor
#6.  Anode
#7.  No
#8.  OFF
#9.  17.82 mA
#10.  ???



Now rebuild the circuit, 
according to the schematic on 
the right.

Step#1: Build the circuit on a 
Solderless CB but do not 
connect the meter into the circuit 
yet.

Step#2: With the meter turned 
OFF, set the dial position to
20 mA.

Step#3: Insert the Black meter 
lead into the COM socket and 
the Red meter lead into the 
V Ω mA socket.

Step#4: Turn the meter ON.

     

         

         

Measure current flowing 
between resistor and the battery.

Insert the MM into the circuit as 
shown and read the display.
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OHM’S LAW
and more!

Verify current 
is the same LESSON23a

Circuit Schematic

390 ohm

Black 
wire on 
meter

MM

390 ohm

Red LED

Red

Red
Black

Black

Red

Step#5: The circuit is still incomplete, or 
open, until you touch the Red probe tip 
to the Red battery wire and the Black 
probe tip to one side of the resistor (as 
shown, in the picture on the right, by the 
Red and Black alligator clips). 

The LED should light up and the meter 
display will read the amount of current. 

Your meter display should show approx. 
18 mA. or 0.018 Amps) Our meter 
shows 17.82 mA. or 0.01782 Amps.



(5) Do the multimeter leads have to 
stay connected to the circuit if you 
want the LED to remain lit?

     ____________________

(6) If the battery is weak, will the 
same amount of current flow in the 
circuit?
     ____________________

(7) True or False?: In this lesson, 
the red probe tip of the multimeter is 
connected to the red wire of the 
battery snap.

     ____________________

(8) When you first turn ON the meter 
in the 20 mA position, what is 
showing on the display?

     ____________________
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(1) Is the same amount of 
current flowing in your circuit 
as in Lesson 22? 
      _______________

(2) In this experiment, the 
black lead of the multimeter is 
plugged into the ______ jack?
       
      _______________

(3) One side of the 390 ohm 
resistor is connected to the 
Anode of the red LED and the 
other side is connected to the 
black probe ____________ . 

      ________________ .

(4) Did you have to change the 
dial position on your meter to 
do this experiment? 

     _______________      

         

Activity PageAnswer these questions Comparing the current in a 
different place in the circuit 23b

(9) How many milliAmps is it 
showing on the multimeter display 
on page 23a?

     ___________________

(10) How many milliAmps was 
showing on your multimeter display 
when you built this new circuit?

     ____________________

Answers for 23b

#1.  yes
#2.  COM
#3.  Tip
#4.  no
#5.  yes
#6.  no
#7.  True
#8.  0.00
#9.  17.82 mA
#10.  ???



To do our final current 
verification, build the circuit, 
shown on the right, on a 
solderless circuit board. 

Now following the steps that we 
have taught you, set up the 
meter to measure current on the 
20 mA position and insert the 
MM into the circuit by using the 
Black probe tip to touch the 
negative (black wire) of the 
battery and the Red probe tip to 
touch the negative lead, or 
Cathode, of the red LED.

The LED should light up and the 
meter should display the amount 
of current flowing in this part of 
the circuit. 

Insert the MM into the circuit as 
shown and read the display.

 Lab #1201
OHM’S LAW
and more!

Verifying current 
flow again LESSON24a

Circuit Schematic

MM

390 ohm

9-volt

Black 
wire on 
battery

Black 
Probe 

Tip

Measure current flowing 
between battery and the LED.

Your meter display should show 
approximately. 18 mA. or 0.018 Amps) 

Our meter shows 17.82 mA or 0.01782 
Amps.

If you find that the current flowing in this 
part of the circuit is the same as in 
Lessons 22 and 23, then you have 
verified that no matter where in a series 
circuit that you measure the current, it 
will always be the same amount.

Red LED

390 ohm

Red LED

Red

Red

Black

Red

Black

Black
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Cathode of 
the LED

Red 
Probe 
Tip



(5) Based on what you now know, is 
the current the same everywhere in 
a series circuit?
     _________________ 
   
(6) Be aware that 1 mA = 0.001 A =  
1000 uA. (m = milli, A= Amps, uA = 
microamps) 

So, if you tried to measure the 
amount of current flowing in this 
circuit (about 18 mAmps) with the 
meter dial in the 2000u position 
(2000uA  =  2mA), what do you think 
might happen to the meter?

     ____________________

(7) What is the maximum amount of 
current you can safely measure with 
this digital multimeter?

     ____________________

Copyright Mr Circuit Technology 2021

(1) Is the same amount of 
current flowing in this part of 
the circuit as in Lessons 22 
and 23. 
      _______________

(2) How many components 
were in this simple series 
circuit?
      ________________

(3) Doing Lessons 22, 23, and 
24, did you measure the 
amount of current flowing 
between each of the 
components?
     _______________  

(4) Were all the amounts of 
current flowing in the circuit 
between each component the 
same?
     ____________________

         

Activity PageAnswer these questions Comparing the current in a 
different place in the circuit 24b

(8) How many amps is 1500 uA?

     ____________________

(9) If you were going to measure 
about 3 amps, what position would 
you put the meter dial at?

     ___________________

(10) Into what jack would you plug 
the Red meter lead to measure a 
current of about 3 amps?

     ____________________
Answers for 24b

#1.  yes
#2.  three
#3.  yes
#4.  yes
#5   yes
#6.  You may cause 
damage to the meter
#7.  5 amps
#8.  0.0015 A
#9.  5A
#10. 5ADC



Multimeter set up as an Ammeter to 
measure current (on 20 mA scale)

We are showing 15.04 mA 
of current flowing

470 ohm resistor
(Yellow, Violet, Brown, Gold)

Beveled 
Edge on 

LED

short lead

Red +
Black -
   

Red

Black

Leads coming 
from meter

Lab #1
Ohm’s Law

With Resistors and 
LEDsCopyright Mr Circuit Technology 2021

Measuring Current
With 470 ohms25a

Anode

 Lab #1201
OHM’S LAW
and more!

Using the meter setup 
procedure as explained in 
Lesson 23a, build this circuit 
and measure the current. 

Use the picture on the right and 
the schematic on page 25b to 
help you build the circuit. Use 
meter probe tips instead of 
alligator clips to complete the 
circuit.

As you touch the tips to the 
circuit, observe the meter 
display to see how much 
current is flowing.

Our meter shows 15.04 
mAmps. How much current is 
flowing in “your” circuit?

    ___________mAmps



(5) Is the multimeter in parallel or in 
series with the circuit?

     ____________________

(6) Does the LED light up pretty 
brightly?

     ____________________

(7) If we remove the meter from the 
circuit, will the LED continue to be 
lit?

     ____________________

(8) What dial position is the meter 
adjusted to for this experiment?

     ____________________
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(1) True or False? In this 
experiment, the black probe tip 
of the meter is touching the 
negative (or Cathode) of the 
LED.
      _________________

(2) The red probe tip of the 
multimeter is touching one side 
of the

       _________________

(3) Is one side of the 470 ohm 
resistor connected to the red 
wire from the battery snap?

      __________________

(4) Does all the current flowing 
in this circuit pass through the 
multimeter?

    __________________      

         

Activity PageAnswer these questions Comparing the current in a 
circuit with 470 Ω 25b

(9) How many milliAmps is it 
showing on the multimeter display 
on page 25a?

     ___________________

(10) How many milliAmps was 
showing on your multimeter display 
when you built this new circuit?

     ____________________

Answers for 25b

#1.  false
#2.  resistor
#3.  yes
#4.  yes
#5   series
#6.  yes
#7.  V Ω mA
#8.  0.0015 A
#9.  15.04 mA
#10. ???



1000 ohm resistor
(Brown, Black, Red, Gold)

showing 7.40 mA 
of current flowing

Multimeter set up as an Ammeter to 
measure current (on 20 mA scale)

Copyright Mr Circuit Technology 2021

Measuring Current
With 1000 Ω26a

Beveled 
Edge on 

LED

short lead

Red +Black -
   

Red

Black
Leads coming 

from meter
Anode

 Lab #1201
OHM’S LAW
and more!

Using the meter setup 
procedure as explained in 
Lesson 23a, build this circuit 
and measure the current. 

Use the picture on the right and 
the schematic on page 26b to 
help you build the circuit. Use 
meter probe tips instead of 
alligator clips to complete the 
circuit.

As you touch the tips to the 
circuit, observe the meter 
display to see how much 
current is flowing.

Our meter shows 7.40 mAmps. 
How much current is flowing in 
“your” circuit?

    ___________mAmps



(5) True or False? The multimeter in 
series with the rest of the circuit?

     ____________________

(6) Is the LED less bright than in 
Lesson 25?

     ____________________

(7) If we remove the meter from the 
circuit, will the LED continue to be 
lit?

     ____________________

(8) True or False? There is less 
current flowing now than in Lesson 
25 because we have increased the 
ohms of the resistor in the circuit.

     ____________________
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(1) True or False? In this 
experiment, the black probe tip 
of the meter is touching the 
positive or Anode of the LED

      _______________

(2) What is the black probe tip 
of the multimeter touching?

       _______________

(3) Is one side of the 1000 ohm 
resistor connected to the red 
red wire on the battery snap?

      ________________

(4) The electrons leave the 
battery from the negative side 
and travel first through the

     _______________      

         

Activity PageAnswer these questions Comparing the current in a 
circuit with 1000 Ω 26b

(9) How many milliAmps is it 
showing on the multimeter display 
on page 26a?

     ___________________

(10) How many milliAmps was 
showing on your multimeter display 
when you built this new circuit?

     ____________________

Answers for 26b

#1.  true
#2.  Anode
#3.  yes
#4.  LED
#5   true
#6.  yes
#7.  no
#8.  true
#9.  7.40 mA
#10. ???



showing 2.29 mA 
of current flowing

Using the meter setup 
procedure as explained in 
Lesson 23a, build this circuit 
and measure the current. 

Use the picture on the right and 
the schematic on page 27b to 
help you build the circuit. Use 
meter probe tips instead of 
alligator clips to complete the 
circuit.

As you touch the tips to the 
circuit, observe the meter 
display to see how much 
current is flowing.

Our meter shows 2.29 mAmps. 
How much current is flowing in 
“your” circuit?

    ___________mAmps

Multimeter set up as an Ammeter to 
measure current (on 20 mA scale)

3300 ohm resistor
(Orange, Orange, Red, Gold)
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Measuring Current
With 3300 Ω27a

Beveled 
Edge on 

LED

short lead

Red +

Black -
   

Red

Black Lead coming 
from meter

Anode

 Lab #1201
OHM’S LAW
and more!



(5) True or False?  Our multimeter is 
connected in parallel with the 
circuit? 

     ____________________

(6) Is the red meter probe tip 
connected to the Anode of the LED?

     ____________________

(7) If we reverse the LED leads, will 
the LED light up?

     ____________________

(8) True or False? The beveled edge 
on an LED indicates the Cathode of 
the LED.

     ____________________
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(1) As we are adding more 
ohms to the circuit, is the LED 
getting more bright?

      _______________

(2) Which resistance caused 
the LED to be brighter, 470 
ohms or 3300 ohms?

       _______________

(3) Is 3.3k ohms another way 
of saying 3300 ohms?

      ________________

(4) As your battery gets 
weaker, the LED will get
 
     _______________      

         

Activity PageAnswer these questions Comparing the current in a 
circuit with 3300 Ω 27b

(9) How many milliAmps is it 
showing on the multimeter display 
on page 27a?

     ___________________

(10) How many milliAmps was 
showing on your multimeter display 
when you built this new circuit?

     ____________________

Answers for 27b

#1.  no
#2.  470
#3.  yes
#4.  dimmer
#5   false
#6.  yes
#7.  no
#8.  true
#9.  2.29 mA
#10. ???



Multimeter set up as an Ammeter to 
measure current (on 20 mA scale)

6800 ohm resistor
(Blue, Gray, Red, Gold)

showing 1.11 mA 
of current flowing

Using the meter setup 
procedure as explained in 
Lesson 23a, build this circuit 
and measure the current. 

Use the picture on the right and 
the schematic on page 28b to 
help you build the circuit. Use 
meter probe tips instead of 
alligator clips to complete the 
circuit.

As you touch the tips to the 
circuit, observe the meter 
display to see how much 
current is flowing.

Our meter shows 1.11 mAmps. 
How much current is flowing in 
“your” circuit?

    ___________mAmps

Measuring Current
With 6800 Ω28a
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Beveled 
Edge on 

LED

short lead

Red +
Black -
   

RedBlack
Lead coming 
from meterAnode

 Lab #1201
OHM’S LAW
and more!



(5) What is maximum amount of 
current the meter can read when it is 
on this position or scale?

     ____________________

(6) True or False?  The more ohms 
in the series circuit, the dimmer the 
LED.
     ____________________

(7) True or False?  Lessons 26, 27 
and 28 demonstrate that as the 
ohms change in a series circuit, it 
affects the amount of current flowing 
in the circuit?

     ____________________

(8) If you give an LED too much 
voltage causing too much current to 
flow, the LED will probably:?
     ____________________
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(1) Are the short lead and the 
beveled edge, on an LED, on 
the same side of the LED?
      _______________

(2) What color lead is 
connected to the COM on the 
multimeter?
       _______________

(3) What color lead is 
connected to the V Ω mA jack?
      ________________

(4) If we use the nominal value 
for the battery as 9V and the 
resistor as 470 ohms and the 
LED as 111 ohms (2V/0.018A), 
what should the amount of 
current flowing in the circuit 
be?  R total = 470 + 111 = 581
Hint: I = E/R  I = 9/581 

     _______________     

         

Activity PageAnswer these questions Comparing the current in a 
circuit with 6800 Ω 28b

(9) How many milliAmps is it 
showing on the multimeter display 
on page 28a?

     ___________________

(10) How many milliAmps was 
showing on your multimeter display 
when you built this new circuit?

     ____________________

Answers for 28b

#1.  yes
#2.  black
#3.  red
#4.  0.015A or 15mA
#5   19.9 mA
#6.  true
#7.  true
#8.  burn out
#9.  1.11 mA
#10. ???



     Build a series circuit of a 9V 
battery, red LED, and 390 ohm 
resistor. With the meter turned 
OFF, set the selector knob to the 
20 VDC. Plug in the MM leads, 
Black to COM and Red to the 
V Ω mA and turn it ON.
     When the LED is lit up, touch 
the multimeter probe tips (as 
shown by the alligator clips in the 
picture.)This measures the 9-volt 
battery volts. (Ours has 8.63 V.)     
     Then touch the probe tips 
across the LED and it should 
show about 2 volts. (Ours shows 
2.05 V.)
     Then touch the probe tips 
across the resistor and it should 
show 7 volts. (Ours reads 6.57V.)

         

F1

Voltage of 
battery

Voltage-Drop 
across LED

Voltage-Drop 
across resistor

4321How to measure Volts  
on Multimeter LESSON29a
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(4) Since we are powering our circuit 
with a nine-volt battery, what DCV scale 
or position should we use?

     ________________________

Note: When you measure DC voltage, it 
matters how you connect the leads 
because DC has polarity. If you connect 
it with the right polarity, it will show a 
positive voltage. If you don’t, it will show 
a negative sign in the display, but it 
won’t hurt the meter

Try it on a 9-volt battery.  If you touch 
the red probe tip to positive and the 
black probe tip to negative, it will show a 
positive voltage in the display. 

Now, touch the black probe tip to the 
positive and the red probe tip to the 
negative, and you will see the display 
on the meter will show a negative sign.

         Try it with your meter.
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Notice: On page 29a, the voltage 
drop across the LED plus the 
voltage drop across the resistor 
should add up to the battery 
voltage. It is close. It is because, 
as we were taking the pictures, 
the battery was losing voltage.

(1) How many scales or positions 
are there for DCV on this meter?
      _______________

(2) What are they?   Fill-in the 
blanks:

      0 to 200 millivolts DC (200m)
a.)  0 to ______________(2000m)
      0 to 20 volts DC_(20)
b.)  0 to _____________(200)
      0 to 250 volts DC___(250)
       
(3) What meter jacks do you plug 
into to measure volts?

Ans: The V Ω mA jack and the:
 
________ jack?

     

Activity PageAnswer these questions How to measure Volts 
on a Multimeter 29b

Note: This 
is a new, 
fresh 9V 
battery and 
it is now 
showing 
more than 
the exact 
nominal of 9 
volts. When 
the battery 
is powering 
a circuit, (or, 
as we say, 
under load, 
it will show 
a lesser 
voltage.

Answers for 29b

#1.  5
#2a. 2000 millivolts DC
#2b. 200 volts DC
#3.  COM
#4  20 VDC



When an electron current flows 
through anything, it causes heat 
to be produced, especially in 
electronic resistors.

Resistors are designed to handle 
a certain amount of heat. This 
heat is measured in Watts. All 
resistors have an ohm value and 
wattage rating.

A watt is defined by the formula:
 
  Watts = Volts x Amps

           W = V x A

         

F1 Resistor Wattage and 
Watt’s Law LESSON30a

 Lab #1201
OHM’S LAW
and more! Copyright Mr Circuit Technology 2021

6.57 voltage-drop

If a resistor has 10 volts 
dropped across it, and the 
resistor is a 100 ohms, then the 
amount of current flowing 
through the resistor is:  

               I = E / R  
             I = 10 / 100    
I = 0.1 Amps (100 milliAmps)

Therefore, the Watts of heat 
this resistor would have to 
dissipate is equal to:

10 Volts x 0.1 Amps = 1 Watt

           

          Question:
What is the minimum rating 
in Watts for this 390 ohm 
resistor with 6.57 volts 
dropped across it?

Let’s calculate it.

Calculations: First, the amount of current 
flowing through this resistor is equal to:
                          I = E / R
                         I = 6.57 / 390  
            I = 0.0168 Amps (16.8 milliAmps)
So, the minimum wattage rating equals:
  Watts = 6.57V x 0.0168A = 0.110 W

So, the minimum wattage rating for this 390 ohm 
resistor in this circuit is 0.110 Watts. Since our 
resistor is rated at 1/2 Watt, it is sufficient to handle 
more than 0.110 Watts. (We also could have used a 
1/4 Watt resistor which is equal to 0.25 Watts.)



(5) If the voltage drop across this 
390 ohm resistor is 7 volts, how 
much current is flowing through it?
     ____________________

(6) What is the minimum wattage 
you would need for the resistor in 
question #5?
     ____________________

Note: If the current flowing in your 
circuit is too high, it may cause the 
resistor to burn because you have 
exceeded its wattage rating.

(7) If you put a 1/2  watt 10 ohm 
resistor across a 9-volt battery, how 
much current will flow in the circuit?
     ____________________

(8) Will it exceed the wattage rating 
of the 10 ohm 1/2 watt resistor?
     _____________________
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(1) What is the mathematical 
formula for Watt’s Law?
      _______________

(2) When we measure volts 
across a resistor, we are 
measuring the:?

       _______________

(3) If there is a voltage drop of 
45 volts across a 39,000 ohm 
resistor, how much current is 
flowing through the resistor?

      ________________

(4) If the current through a 
resistor is 0.18 Amp and the 
resistance is 470 ohms, what 
is the minimum wattage we 
should use for this resistor? 

     _______________     

         

Activity PageAnswer these questions Use Watt’s Law to calculate 
the wattage of a resistor 30b

How many watts?
To calculate the wattage 
rating needed for a resistor, 
you must first find how 
much current is flowing by 
dividing the voltage drop by 
the resistance value.Then 
multiply that current times 
the voltage drop to get the 
minimum Watts needed.

1/2 watt

1/4 watt

1/2 watts are 
larger physically 
so they can 
dissipate more 
heat than 1/4 
watt resistors.

Answers for 30b

#1.  W=V×A
#2.  voltage drop
#3.  0.05 W
#4.  0.15 W
#5   0.018
#6.  0.126 W
#7.  0.9 A
#8.  yes



#R1

#R2

#R3

#R4

Value in Ohms
____2400____

Tolerance ±5%

              Number
Band 1 ____2_____
Band 2 ____4_____
Band 3 ____2_____
Band 4 ____5%_____

Value in Ohms
__10,000,000_

Tolerance ±5%

Value in Ohms
__430_____

Tolerance ± 5%

Value in Ohms
__680______

Tolerance ± 5%

              Number
Band 1 ___6______
Band 2 ___8______
Band 3 ___1______
Band 4 ___5%____

              Number
Band 1 ___4______
Band 2 ___3______
Band 3 ___1______
Band 4 ___5%____

              Number
Band 1 ___1______
Band 2 ___0______
Band 3 ___6______
Band 4 ___5%____

5b

Value in Ohms
   ___18______

Tolerance±1%_

              Number
Band 1 ___1______
Band 2 ___8_____
Band 3 ___0______
Band 4 ___0.1______
Band 5 ___1%______

#R1

#R2
Value in Ohms   
___1300______

Tolerance ±1%__

              Number
Band 1 ___1______
Band 2 ___3______
Band 3 ___0______
Band 4 ___1______
Band 5 ___1%______

#R3
Value in Ohms   
___10,000____

Tolerance ±1%

              Number
Band 1 ___1______
Band 2 ___0______
Band 3 ___0______
Band 4 ___2______
Band 5 ___1%______

#R4
Value in Ohms   
___750,000__

Tolerance ±1%__

              Number
Band 1 __7_______
Band 2 __5_______
Band 3 __0_______
Band 4 __3_______
Band 5 __1%______

6b

Answers for 7b
#1.  14
#2.  10
#3.  5
#4.  Red and Black
#5.  5
#6.  8
#7.  2
#8.  4
#9.  26
#10. 170
#11.  No
#12.  red

Answers for 9b

#1.  negative
#2.  yes
#3.  yes
#4.  negative
#5.  1
#6.  1
#7.  black
#8.  multicell
#9.  3
#10. Emitting light

Answers for 10b
#1.  solder
#2.  Solderless CB
#3.  Yellow, violet, 
brown, gold
#4.  yes
#5.  black
#6.  true
#7.  true
#8.  Solderless CB
#9.  solder
#10. Yes, No, maybe

Answers for 11b

#1.  34
#2.  circuit
#3.  no
#4.  solder
#5.  False
#6.  17
#7.  true
#8.  solder
#9.  true
#10. True

Answers for 12b
#1.  Yes  #4. Yes         #7. True       #10. yes
#2.  No   #5. False      #8. beveled
#3.  No   #6. Resistor  #9. false

Answers for 17b
#1.  5                   #4. voltage drop  #9. yes
#2.  No                #5.  No                #10. yes
#3.  Red, yellow, #6. 2 volts. 
green, blue, clear #7. (draw symbol)

Answer Sheet Page 1 (63a)
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Answers for 22b

#1.  20 mA
#2.  COM
#3.  0.01782 Amps
#4.  V Ω mA
#5.  Resistor
#6.  Anode
#7.  No
#8.  OFF
#9.  17.82 mA
#10.  ???

Answers for 21b2

#1.  series
#2.  False
#3.  True
#4.  18 mA
#5.  20 mA
#6.  before
#7.  True
#8.  5
#9.  18.23 mA
#10. 0.01823 Amps

Answers for 23b

#1.  yes
#2.  COM
#3.  Tip
#4.  no
#5.  yes
#6.  no
#7.  True
#8.  0.00
#9.  17.82 mA
#10.  ???

Answers for 24b

#1.  yes
#2.  three
#3.  yes
#4.  yes
#5   yes
#6.  You may cause 
damage to the meter
#7.  5 amps
#8.  0.0015 A
#9.  5A
#10. 5ADC

Answers for 25b

#1.  false
#2.  resistor
#3.  yes
#4.  yes
#5   series
#6.  yes
#7.  no
#8.  20 mA
#9.  15.04 mA
#10. ???

Answers for 26b

#1.  true
#2.  Anode
#3.  yes
#4.  LED
#5   true
#6.  yes
#7.  no
#8.  true
#9.  7.40 mA
#10. ???

Answers for 27b

#1.  no
#2.  470
#3.  yes
#4.  dimmer
#5   false
#6.  no
#7.  no
#8.  true
#9.  2.29 mA
#10. ???

Answers for 28b

#1.  yes
#2.  black
#3.  red
#4.  0.015A or 15mA
#5   19.9 mA
#6.  true
#7.  true
#8.  burn out
#9.  1.11 mA
#10. ???

Answers for 29b

#1.  5
#2a. 2000 millivolts DC
#2b. 200 volts DC
#3.  COM
#4  20 VDC

Answers for 30b

#1.  W=V×A
#2.  voltage drop
#3. 1.2mA (0.0012A)
#4.  0.15 W 
(Use ¼ W resistor)
#5   0.018
#6.  0.126 W 
(Use ¼ W resistor)
#7.  0.9 A
#8.  yes
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 Lab #1201
OHM’S LAW
and more!

  Ohm’s Law 
  E = I × R   or 
  R = E ÷ I    or
   I = E ÷ R

 
● The lower-case letter ‘k’  stands for 1000, sometimes called ‘kilo’
● LED = means light-emitting diode and they come in different colors
● The lower-case letter ‘m’ stands for milli or one thousandth
● The upper-case letter ‘M’ stands for one million, sometimes called ‘Meg’
● The word milliamp = one-thousandth of an Amp
● The word millivolt = one-thousandth of a Volt
● Multimeter = a meter capable of measuring a variety of electrical measurements
● Parallel circuit = an electric circuit with multiple paths for the electrons to flow
● Resistor Color Code = a system for labeling resistors with their values
● Series circuit = an electric circuit with only one path for the electrons to flow
● Schematic = a drawing or diagram using symbols to represent components
● Solderless circuit board = sometimes called a solderless breadboard, is used to 

build circuits without having to solder the pieces together
● voltage drop = voltage measured across an active component in a circuit

 Watts Law
W = V × A

Equivalent resistance of 
two resistors in Series
    Ttotal = R1 + R2

Equivalent resistance of 
two resistors in parallel

Ttotal = R1 × R2 / (R1 + R2)

Glossary of Terms and Formulas Resistor Color Code
    (Color Band colors)
         Black = 0
         Brown = 1
         Red = 2
         Orange = 3
         Yellow = 4
         Green = 5
         Blue = 6
         Violet = 7
         Gray = 8
         White = 9
         Gold = × 0.1
         Silver = × 0.01

Tolerance Band
Silver = ± 10% 4 bands
Gold   =  ± 5% 4 bands
Brown = ± 1% 5 bands

RADD =  ERES /  ILED 
RADD = value in ohms of the additional resistor
ERES  = voltage drop across the additional resistor
 ILED = current required by the the LED

Formula to calculate the resistor in series with an LED.
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To calculate wattage needed for a resistor. 1. Find the voltage drop across the resistor. 2. Find the 
ohms of the resistor. 3. Divide the voltage drop by the ohms to get the current. 4. Multiply the voltage 
drop by the current to get the minimum wattage needed for that resistor in that circuit.

(Remember red, yellow, and green LEDs usually 
drop about 2 V, blue and clear LEDs drop about 3V.)



Lab #1201
OHM’S LAW
and more!

                            Upon completion of this lab, the student will be able to:
Identify the physical appearance and schematic symbols of a single cell, battery, an LED, and a resistor.
Explain how cells connected in series form a multicell device called a battery and draw the schematic..
Describe the schematic symbol for an LED, show the polarity with Anode and Cathode.
Describe the purpose of the ‘flat side’ and the ‘short lead’ on the LED in reference to the Cathode..
Understand that the long leg of the LED is the  positive side or the Anode.
Understand that the beveled edge on an LED is the way to find the Cathode if the LED is in a wired circuit.
Understand how to use the Resistor Color Code to identify resistor values for both 5% and 1% resistors.
Take inventory of electronic components and report any discrepancies.
Draw a simple circuit schematic with symbols and label them including their polarity.
Build a basic circuit using the solderless circuit board, an LED, various resistors and a 9-volt battery. 
Match the physical components to their schematic symbol.
Construct a circuit using a schematic diagram.
Understand the construction of a solderless circuit board.
Use Ohm’s Law to calculate voltage, current, and resistance.
Calculate the equivalent resistance of two resistors in series.
Calculate the equivalent resistance of two resistors in parallel.
Identify various voltage drops across different colored LEDs.
Calculate the additional resistance needed in an LED circuit based on voltage of the power source.
Connect multiple LEDs in a parallel circuit.
Measure a variety of values of ohms with a digital multimeter.
Interpret the reading on the multimeter display in the Ohms function. Convert from Amps to mAmps to uAmps
Set up a multimeter to check the current flowing in a circuit.
Connect the multimeter to a circuit and measure the current.
Break a series circuit and connect the multimeter to measure the current.
Explain that the current flowing in a series circuit is the same amount through each component.
Explain the effect of the amount of current flowing in an LED circuit on the brightness of the LED.
Set up a multimeter to measure DC voltages. Convert from Volts to mVolts to uVolts
Measure DC voltage and voltage drops across components in an active circuit.
Calculate the minimum wattage needed in a resistor. And More! Copyright Mr Circuit Technology 2021
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