
Soldering

This worksheet and all related files are licensed under the Creative Commons Attribution License,
version 1.0. To view a copy of this license, visit http://creativecommons.org/licenses/by/1.0/, or send a
letter to Creative Commons, 559 Nathan Abbott Way, Stanford, California 94305, USA. The terms and
conditions of this license allow for free copying, distribution, and/or modification of all licensed works by
the general public.

Resources and methods for learning about these subjects (list a few here, in preparation for your
research):
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Questions

Question 1

What is soldering? What is solder?
file 00233

Question 2

Both soldering irons and soldering guns are tools used in the process of electrical soldering. Describe
what each of these tools looks like, and how they function.

file 00595

Question 3

What does it mean to tin a piece of wire prior to making a soldered connection with it?
file 00557

Question 4

All electrical soldering, and most other forms of soldering as well, requires the addition of a substance
known as flux. What is the purpose of adding ”flux” to the soldering process, and what type of flux is
typically used for electrical soldering?

file 00555

Question 5

As in all technician tasks, safety must be your first priority. Soldering harbors specific dangers of its
own that you need to be aware of. Explain what precautions you need to take with regard to the following
aspects of soldering:

• Safe handling of soldering iron/gun
• Safe handling of solder and flux
• Personal protective equipment
• What to do (and not do) after soldering

file 01705
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Question 6

Semiconductor components such as diodes and transistors are easily damaged by the high temperatures
of soldering, so care must be taken to protect these components during the soldering process. One way to
do this is to use a heat sink to draw heat away from the component without cooling the connection point
too much. Heat sinks made out of sheet metal may be temporarily clipped to the component leads, one at
a time, to prevent the solder’s high temperature from thermally conducting all the way to the component
body:

copper trace

Printed circuit board

Solder

Heat sink

Transistor

heat

In the absence of a formal heat sink, can you think of any ways to fashion your own ”impromptu” heat
sinks out of commonly available tools and/or objects?

file 00556
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Question 7

When soldering a wire into a metal lug, which of these positions would be considered best for soldering
iron and solder?

Soldering iron

Solder

LugWire

Explain why you think one of these positions is better than the others for producing a sound solder
connection between the lug and the wire.

file 00558

Question 8

What is a cold solder joint? Identify its causes, its appearance, and the means of correction.
file 00597
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Question 9

After a period of use, the tip of a soldering iron (or a soldering gun) becomes dark and ”encrusted”
with oxidation and flux residue. Describe why this accumulation impedes the soldering process, and how it
may be removed.

file 00596

Question 10

What may be done if you solder a component into a circuit board and then realize you soldered it in
the wrong place? What, exactly, must you do to move this component to a different location on the board?

file 00598

Question 11

Explain what surface-mount devices are, and how the soldering and desoldering processes for them differ
from the processes used to solder and de-solder ”through-hole” components on printed circuit boards. The
following illustration contrasts ”through-hole” component construction versus surface-mount construction
for a voltage divider circuit (three resistors connected in series):
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Question 12

Find a printed circuit board with soldered components on it, and bring it with you to class for discussion.
If you have access to a scrap bin from an electronics or computer repair shop, this would be an excellent
place to find a printed circuit board. On your PCB, try to identify:

• Number of layers on board
• ”Traces”
• ”Lands”
• Cold solder joints (if any)
• Solder bridges (if any)

file 01155

Question 13

The equation for converting degrees Celsius (oC) to degrees Fahrenheit (oF ) is as follows:

TF =
9

5
TC + 32

Use this equation to convert the following temperatures from Celsius to Fahrenheit:

• 0oC =
• 100oC =
• -40oC =
• 250oC =
• 310oC =

Now, algebraically manipulate the equation so that you may solve for degrees Celsius from a given figure
in degrees Fahrenheit. Show all your work, then check your results by working backward through the five
calculations above to arrive at the original figures in degrees Celsius.

file 03253
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Answers

Answer 1

”Soldering” is a low-temperature form of welding commonly used to join electrical conductors together
for permanent connections.

”Solder” is a special alloy of metals designed to melt at a low temperature, to make permanent electrical
connections.

Answer 2

A modern soldering ”iron” is a pencil-shaped device with an electrical heating element in its end.
Soldering ”guns” have a pistol-shaped body, with a loop of thick copper wire at the end acting directly as
a heating element. Soldering irons have no on/off switch, while soldering guns do, which should tell you
something about the speed at which they heat.

Answer 3

”Tinning” is the act of pre-soldering the bare wire end, so that its appearance is like solder instead of
copper.

Answer 4

”Flux” is a substance that chemically cleans the metal surfaces prior to soldering. For electrical work,
the preferred flux is ”rosin”.

Answer 5

Safe handling of soldering iron/gun
• Never hold it by the metal end – always by the handle!
• Place iron on a stand when idle, and be careful that no flammable materials contact it.
• Never leave the iron on, unattended.

Safe handling of solder and flux
• Never hold solder in your mouth, as it contains heavy metals that are not healthy for your body.
• Avoid breathing fumes – use a ventilation hood if available.
• Do not eat food while soldering.
• Wash your hands after soldering.

Personal protective equipment
• Safety glasses or goggles – an absolute must!

• If soldering large wires, use heat-resistant gloves.

What to do (and not do) after soldering
• Clean up worksite.
• Give the soldering iron enough time to cool down before putting it away.
• Put soldering equipment away where it belongs, and where others can find it.
• Never leave the iron on, unattended.

Answer 6

One trick that works well is to wrap a rubber band around the handles of a pair of needle-nose pliers,
so the jaws clamp together on their own, then clip the jaws on to the component lead being soldered.
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Answer 7

The following illustration shows the best positions for iron and solder, when soldering a wire into a lug:

Answer 8

A ”cold solder joint” is a poor solder connection resulting from motion of the pieces during the cooling
process or insufficient temperature.

Answer 9

Any oxidation or foreign material on the soldering tool tip will impede heat flow to the item being
soldered. Routine cleaning is easy: just touch the hot tip to a water-soaked sponge or rag.

Answer 10

You must desolder the component from the board, using any number of desoldering tools:

• De-soldering ”wick”
• De-soldering bulb
• De-soldering ”pump”
• Vacuum station

Answer 11

”Surface-mount” components solder to the surface of a printed circuit board, and have no mechanical
means of attachment, unlike ”through-hole” components. Because of their small size and lack of attachment
prior to soldering, special soldering equipment must be used.

Answer 12

Nothing to answer here!

Follow-up question: be sure you know what each of these terms (”trace”, ”cold solder joint”, ”solder
bridge”, etc.) means.

Answer 13

• 0oC = 32oF

• 100oC = 212oF

• -40oC = -40oF

• 250oC = 482oF

• 310oC = 590oF

TC =
5

9
(TF − 32)
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Notes

Notes 1

It should be noted that not all forms of soldering are ”low temperature.” Silver soldering, for example,
takes place at much greater temperatures than regular electrical soldering. However, all soldering is a form
of welding.

Notes 2

Antique soldering irons were really nothing more than iron wedges with wooden handles, which were set
directly in a fire for heat, much like clothes irons used to be nothing more than an anvil-shaped mass of iron
that was set on top of a hot stove for heat. I’ve used one of these old soldering irons to solder sheet metal
pieces together, and the technique of use was exactly the same as it is for a modern (electric) soldering iron.

If you have soldering irons and guns available in your classroom, show them to your students during
discussion.

Notes 3

Some wire may be purchase ”pre-tinned” to save you this step, but most electrical wire is not. Here is
a helpful hint: tinning the ends of a piece of stranded copper wire really helps to prevent individual strands
from bending and breaking away when the wire end is clamped in a terminal strip!

Notes 4

This question, and the corresponding answer, point to one of the fundamental requirements for a good
solder joint: clean metal surfaces. Flux is designed to chemically clean the joint prior to and during the
soldering process, but it is no substitute for proper preparatory cleaning beforehand.

Discuss this point with your students. If possible, set up some wire connections to be soldered, and
show the effects of a small amount of oil or grease on a solder joint (even when using flux).

Notes 5

Much of this is common sense, but some of it is not. Students must realize that even though soldering is
a relatively low-temperature process, it is still hot enough to start fires and burn skin. Also, molten droplets
of solder can cause major damage to the eyes, so safety glasses/goggles are imperative.

Notes 6

This is an exercise in creative thinking, as well as an introduction to one of the practical concerns
of soldering. Even some passive components (electrolytic capacitors, for example) do not handle high
temperatures well, and so learning to manage temperatures is an important skill when performing
maintenance or prototype soldering. See if you and your students can invent any other simple ”heat sinks”
for use when a formal heat sink is not available.

Notes 7

Discuss with your students why the positions shown in the answer would be superior to the others shown
in the question. Keep in mind principles of heat conduction and the necessity for all parts of the connection
to be at sufficient temperature as to melt the solder. What, precisely, would be wrong with trying to solder
this connection in any of the other ways shown?

Notes 8

Ask your students where they obtained their information regarding the causes, appearance, and remedy
for cold solder joints. There is a lot of information available on soldering, and it is always interesting and
informative to discover new sources of information for future reference.
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Notes 9

Discuss with your students why a wet sponge or rag works to clean the end of a heated soldering tool.
Also, discuss what to do to the tip of a soldering tool that has been abused by lack of periodic cleaning.

Notes 10

Ask your students to describe how some common desoldering tools (wick, bulb, plunger, vacuum system)
work, and also ask them where they obtained their information.

Notes 11

Ask your students to describe some of the special soldering equipment that must be used for surface-
mount devices? How does it differ in terms of power from regular soldering irons and guns? Why are
surface-mount soldering tools rated at a different power level?

Ask your students to describe how surface-mount components may be held to the board during the
soldering process. Are all surface-mount components identical, or are there different types? What special
soldering tool attachments are available for working with surface-mount devices?

Notes 12

The purpose of this question is to get students to kinesthetically interact with the subject matter. It
may seem silly to have students engage in a ”show and tell” exercise, but I have found that activities such
as this greatly help some students. For those learners who are kinesthetic in nature, it is a great help to
actually touch real components while they’re learning about their function.

Notes 13

The last instruction given in the question – working backwards through the five calculations to see if
you get the original (given) figures in degrees Celsius – is actually a very useful way for students to check
their algebraic work. Be sure to make note of this in class!

10


