
SOLDERING 
IRON

WIre cutter

Solder

parts

THE IRON IS 
hot!! Be careful!

your kit should come 
with instructions 
for what parts go 
where and what way!

clean the tip of
your iron before 
each solder 
connection!

put your part in 
place. Bend out 
the leads so it 
stays in place

lead

leadpcb

put the pcb down so 
you can solder.

if you need a third hand, you can make 

a standing coil of the solder instead 

of holding it in your hand

find some good way 
to keep it steady

careful with the 
surface underneath!

pad

lead

ok, lets solder! 

first, you want to heat 
both the pad and the lead 
for about 

touch the soldering iron to 
both the pad and the lead!

1 second

Psst!
clean the 
tip first!

now feed solder 
under the tip 
of the iron

solder

lead

pcb

about 
1-3 mm

solder

lead

pcb

3 mm

a good connection 

covers the pad

cut the leads off 
with the wire cutter 

always 
hold on to 
the lead!

cut

eyes don't 
like jumping 
lead bits!

some leads are already short, 

you don't need to cut those.

the smoke from the melting solder 
is not toxic, but blow gently on it 
to avoid breathing it.

lead on the other hand 

Is toxic, and gets on 
your skin when holding 
the solder. 

wash your hands 
when you're done!

without touching other pads

surrounds
      the lead

and

keep soldering each part in its 
correct place. remember some 
parts need to go in a certain way!

if all your connections are 
good, your circuit will 
just work!
there are more tricks you will learn as 
you keep soldering, but now you know 
enough to make many cool things.

soldering course by Mitch Altman

http://cornfieldelectronics.com

comic adaptation by andie nordgren 

http://log.andie.se

public domain, use, copy, spread!

soldering is easy
here's how to do it

stop feeding solder,

hold for 1 
second
so the solder can 
flow properly

then
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Solar intro
Solar energy, or energy from the sun, reaches 
the Earth as radiant heat and light.  This is 
apparent from everyday experience; you 
can feel and see the heat and light from the 
sun during the day.  It is possible to capture 
and use solar energy in both its forms.  For 
instance, if you leave water out in the sun, it 
heats up over the course of the day, capturing 
heat energy.  This same concept is used in so-
lar ovens, which capture solar heat in closed 
ovens to cook food.

We can also capture the energy stored in 
the sun’s light.  For instance, the energy in 
UV light can be used to purify water.  In this 
lesson, however, we will use solar panels to 
capture the energy stored in light and convert 
it to electrical energy.  Electrical  energy can 
then be used to recharge a battery or power 
a circuit. 

Light energy
So how does light store energy? 
 
Just as matter is made up of smaller par-
ticles like atoms, light can be thought of as 
being made up of lots of little particles called 
photons.  Each photon has a certain amount 
of energy.  The amount of energy carried by 
a particular photon depends on the color of 
the light.  For instance, the photons that make 
up low-frequency red light have less energy 
than those that make up high-frequency blue 
light.  Light from the sun, which contains 
all frequencies of light, contains photons of 
many di! erent energies.  

Consider the photons to be balls, with the 
amount of energy carried by each dependent 
on the size of ball.  Low-energy red light 
would be like a stream of small tennis balls, 
while high-energy blue light would be like a 
stream of big footballs.  When both streams 
come at you at the same speed, the stream of 
footballs will carry more energy.  When light 
from the sun falls on the solar panel, it’s like 
a stream of “photon-balls” of many di! erent 
sizes hitting the solar cell.

Photoelectric effect
What happens when the photons hit a solar 
cell?  In short, the energy from the photons 
is transferred to electrons in the cell, freeing 
the electrons from their atoms and allowing 
them to move around in the material. 

Required Materials
For making lamps
! Cardboard, bottles, shiny things,
    translucent things
! Tape, glue, tacks, nails
! Scissors, knives, etc. (many)
! Alligator clips (two per student)

For lighting lamps
! Solar panel of any size
! Rechargeable battery in holder
! Soldering irons, as many as possible
! Solder
! Wire
! Components for circuit - diode, 
    resistor, switch, battery, at least    
    one bright white LED  and additi-
    onal appropriate diodes or LED's
! Sunshine!

This is a space for taking notes, 
whether they're for preparation or 
refl ection. Below are some suggested 
questions for after teaching:.

What questions would you ask some-
one who'd taught this lesson before?

What advice do you have for the next 
person to teach this lesson?

What aspect of the lesson do you think 
worked best? Least?

Should anything be changed before the 
lesson is taught again?

Do you think the students were ex-
cited/interested in the lesson content?

Were students confi dent in putting 
forward their own designs and ideas? 
Was there anything you found e! ective 
at encouraging them to do so?

Were students comfortable with build-
ing? Were they able to work indepen-
dently after being given a demonstra-
tion, or did they need some help?

Do you think the right amount of time 
was given to each of the activities?

Thanks! Send this to pen@mit.edu, 
and we'll greatly appreciate it.



Building 
the Circuit
Now that the students have circuit designs, 
they can solder them together. If they don't 
know how to solder, the comic on the back 
cover may help explain. It's worth taking 
some time to teach soldering, because with 
some personal attention students will quickly 
become profi cient (and potentially able to 
teach others), and cause fewer headaches in 
the future.

If there is work to be done on the lamp 
structures, students should fi nish those, while 
integrating the circuits into the structures.

Finally, test the lamps – turning them on 
and o! , putting the panels into the sunlight, 
checking that the batteries are charging, 
or that the voltage is at the cut-o!  and the 
current-control LED's are lit.

After the students are mostly done, hold a 
discussion of the lamps. Depending on the 
group, this may be most constructive as 
personal presentations and critiques, or as 
a group analysis of potential improvements. 
The discussion could also take on a few ques-
tions like:

• What could you use solar power for?

• What would be the challenges and how 
might you overcome them?

The design of the solar cell forces electrons 
to fl ow in a single direction, creating a current 
which is captured as electrical energy.

To better understand how this works, one 
must understand the structure of a solar cell.  
A solar cell is made up of a type of material 
called a semiconductor.  Unlike a conductor, 
semiconductors don’t contain free electrons 
to carry a current easily.  However, the elec-
trons in the semiconductor aren’t held onto 
very tightly by the atoms.  So although they 
can’t move around, when hit with a photon 
with enough energy they will break free of 
the atoms and behave like they would in a 
conductor. 

The diagrams to the right illustrate the ball 
analogy; when a ball with su"  cient energy 
hits the cell, it can cause the electrons to 
break free of the material and move freely.

Once the electrons are free, they can move 
around randomly.  In order to get a current, 
however, the electrons must only fl ow in one 
direction.  What would make this possible?  In 
a solar cell, there is an electric fi eld across the 
cell.  A solar cell is made up of two slightly dif-
ferent layers of semiconductor, which result 
in a positive and negative side to the cell.  
This electric fi eld only allows electron fl ow 
in the direction of the fi eld, and thus the cell 
produces an electric current.

Solar cell loading
Once a cell or panel has an electrical load 
on it (for example, a resistor), however, the 
voltage will change.  Again, this should be 
discovered experimentally, but the voltage a 
cell produces when a small resistor is added 
to the circuit will be lower than when just con-
nected to the multimeter.

Why is this?  Without a connected circuit, or 
with a very high resistance load, the voltage 
produced by the cell is called the Open Circuit 
Voltage.   (Remember that V = IR; if the cell 
produces a low current, but the load has a 
very high resistance, the voltage produced 
will also be high.) The multimeter has very 
high resistance, so when we connect it di-
rectly to the panel we are essentially connect-
ing a huge load to the panel, and the cells can 
maintain a high voltage without much current.

On the other hand, if the load is a small resis-
tor, much more current would be required 
to produce the same voltage.  Since the cell 
cannot produce enough current, the voltage 
decreases. 

Open Circuit Voltage: can be deter-
mined by putting a multimeter as the 
only connection between the panel’s 
positive and negative sides.

V=IR (Ohm’s law): when a resistor of 
R ohms has V volts across it, I amps 
will fl ow.



Every solar cell has a characteristic “IV Curve” 
that relates the current produced by the cell 
to the voltage across it for a specifi c amount 
of light.  At one extreme is the open circuit 
voltage, as described above, while at the 
other extreme is the short circuit current, 
which is the maximum current produced by 
the cell when voltage across it is zero.  

Changing the load across a cell will cause the 
current and voltage produced by the cell to 
change, changing the point along this curve at 
which the cell is operating.  Since the power 
produced by the cell is the product of current 
and voltage, this graph provides a good visu-
alization for the amount of power produced 
by the cell at each operating point along the 
curve (remember that power is current times 
voltage – P= IV):

From this, one can see that the power pro-
duced by the cell changes depending on the 
load, even though the amount of light hitting 
the cell is the same throughout.  Decreasing 
the load across the cell will move the operat-
ing point towards the short circuit current, 
while increasing the load will move it towards 
the open circuit voltage (as measured with 
the voltmeter).  

Why is this?  As the load across the cell is de-
creased, the current required to maintain the 
open circuit voltage increases.  The voltage 
produced remains relatively constant at fi rst, 
until the cell can no longer produce enough 
current to maintain the voltage, and the volt-
age drops o!  rapidly.  This occurs at the short 
circuit current of the cell, which is the maxi-
mum current it can produce.  Note that the 
power produced by the cell is at its maximum 
at the point just before the voltage drops o! .  
This point is called the Maximum Power Point 
(MPP) of the cell, and the cell will produce the 
most power when operating at this point.  For 
this reason, it is often benefi cial to add extra 
circuitry to your panel to keep the cell operat-
ing at the MPP.  This is covered in more detail 
in future lessons, however.

Solar cell efficiency
Solar cells cannot convert light energy com-
pletely into electricity.  The light from the sun 
produces roughly 1000 Watts per square me-
ter of energy at the surface of the Earth, but 
this is not all converted into electricity.  Only 
certain energies of light have enough energy
to free electrons from the material in the cell, 
and other energy is lost as heat or light that 
is refl ected rather than absorbed by the cell.  
For this reason, the cell is not 100 percent 
e"  cient.

circuit, and use the multimeter to confi rm that 
it does allow the battery to charge in the sun 
but not discharge in the shade.

Reading circuit disgrams (5-15 mins)

Introduce the concept of circuit diagrams – a 
way of clearly drawing things that are electri-
cally connected. Show some common symbols 
or draw them on a board, ideally leaving 
them somewhere students can see them and 
explain how the lines represent electrical con-
nections. Show some “real life” examples (e.g. 
make a simple circuit and draw it, or draw 
their solar panel circuits).

Components

Briefl y go over diodes again, discuss the 
properties of other components – resistors, 
LEDs, switches. 

Circuit Design

From discussing diodes, the students should 
have a good idea of circuits that can charge 
the battery when we need to use it in the sun, 
and prevent it from overcharging. Now you 
want to design something that uses it to light 
a light when it discharges!

Discuss with the students how they might do 
this – where they would connect the lamp? 
Where would they connect the switch? Since 
our overcharge circuit is made of LEDs, could 
we combine the overcharge circuit with the 
lamp?

Have the students draw some circuits that 
could work. Let them have access to circuit 
components and wires so they can play 
around with them if they want to. If needed, 
refer to the examples given in the back-
ground info to help students come up with 
ideas.  Try to ask them questions that will lead 
to one of these circuits instead of giving it to 
them outright. At the end of the lesson, every-
one should have drawn a circuit that they will 
solder together in the next lesson.

Example circuit 1: This is the most 
obvious circuit – the battery is con-
nected in parallel with both the LED 
string (acting as the overcharge diode) 
and the lamp – LEDs, a switch and a 
resistor connected in series. It is also 
connected in series with the diode (or 
normal LED) we used to stop power 
leaking when the solar panel is not in 
light in the fi rst experiment.

Example circuit 2: This is slightly 
less obvious – it combines the lamp 
with the overcharge circuit. When 
the switch is closed, the LED string 
acts as the lamp. When it is opened, it 
combines with an extra LED (poten-
tially a coloured LED) to provide the 
4.5V needed for overcharge protection. 
The coloured LED is not included in 
the lamp, so that only white light is 
emitted.



Designing 
the Circuit
Teaching About Diodes
After seeing the results discharging experi-
ment (the panel-battery circuits they have left 
overnight in the dark), the group should have 
come to the conclusion that when the solar 
panel is in the sun, current fl ows one way and 
charges the battery, but when in shade it 
fl ows the other way and instead discharges it.

Ask the group for ideas about how they might 
prevent this from happening. Don't tell them 
to use a diode right away! Try to get someone 
to suggest it, or at least suggest that we need 
something that will only let current fl ow in 
one direction. After that, introduce diodes as 
a device that can do this.

Remember that LEDs are diodes. Students 
might remember that LEDs only light if 
they are connected up the right way – this 
is because they only let current fl ow in one 
direction. Let the students play with LEDs so 
see this for themselves if they want.

Lesson Schedule
Results of discharging experiment
(10 mins)

Have the students take out their solar panels-
battery circuits (that were left to discharge 
since the last lesson) and measure the volt-
age across the battery terminals. They should 
fi nd it to be signifi cantly lower than it was last 
time!

Introduction of Diodes (5-15 mins)

Ask how we can prevent the battery from 
draining when the solar panel is not connect-
ed? Ask for ideas! Don't tell the club about 
diodes straight away! Try to get someone to 
suggest diodes, or at least “something that 
lets current go one way, but not another”. If 
someone gets this remind them about LEDs: 
they only work if you connect them one way, 
because they only let current fl ow through 
them in one direction – they're diodes! You 
can use an LED in your circuit to only let the 
current fl ow one way.

Have the group draw on a board/paper what 
the circuit will look like with a diode in it.
Everyone should add a diode/LED to their

The e"  ciency of a solar cell is usually de-
scribed as the ratio of power produced by the 
cell at its Maximum Power Point to the power 
it would produce if it completely converted 
solar energy to electricity.  For instance, a 
panel with an area of 1m2 that produces 100W 
of power at its maximum power point is 10% 
e"  cient, based on the approximate solar 
energy incident at the Earth’s surface. 

Optics intro
When building a lamp, there are more things 
to consider than just the circuit. There are 
various properties of light that we can use to 
design the lamp.

Light is a form of energy – like heat, or elec-
tricity. When light comes into contact with 
matter, it interacts with it in a variety of ways, 
depending on the properties of the material.

Reflection
If light comes into contact with a surface that 
is refl ective, the light hits the surface and 
bounces back o!  it in the same direction. This 
is like kicking a football at a wall – it bounces 
and comes back to you.

Mirrors, metal foil and shiny wrappers are all 
materials that refl ect light.

Diffusion
When light shines thin piece of paper, the 
light refl ects o!  the particles inside the
paper and bounces around in di! erent direc-
tions. Unlike with refl ective materials, di! u-
sive materials don't send all the light straight 
back, but spread it out in lots of di! erent 
directions.

A di! user must let enough light through, but 
it can’t be completely transparent— or else 
the light will continue in the same direction 
instead of getting scattered around.
In a lamp with three LEDs, a di! user could 
make them look like one light instead of three
separate lights. Common di! users are thin 
paper or translucent plastic.

Transparency
Transparent materials let light pass straight 
through without signifi cantly a! ecting it. 
These can be used in a lamp to protect the 
LEDs from damage without changing the light 
they emit.



Building 
the Lamps
Some lamp-building principles to remember:

• Use optical properties. Di! usion, refl ection 
and transparency in materials can be used to 
build a more e! ective lamp. 

• If the lamp is tall, make sure it has a stable 
base. A stable base is ideally heavy (much 
heavier than the top of the lamp) and wide.  

• If the lamp is portable, make sure it can 
be easily carried in hand and won't fall apart 
when dropped – especially important is pro-
tecting the electronic components.

• Make sure the battery is supported in some 
way – never leave something hanging from 
a wire, since its weight will put stress on the 
connection, and the connection could break

• If using metal as a component of the lamp 
structure, make sure it is not in contact with 
any bare wires, in case shorting occurs.

Lesson Schedule
Measuring Panel Voltage and Current
(10 mins)

If the students haven't already, have them 
take their panels out into the sun and mea-
sure them with a multimeter. What voltage 
are they getting? What current are they 
getting? How do they know the battery is 
charging? What happens when they put the 
solar panel in darkness?

Group Discussion (5 mins)

Have the students discuss the results they 
get. Talk to the students about what is hap-
pening when the solar panel charges the 
battery. Ask what might happen when the 
solar panel is out of the sun. Will it just stop 
charging, or will something else happen? Ask 
the students what they think would happen 
if they left the panel and battery circuit out 
overnight.

Set up discharging experiment (10 mins)

Tell the students we are going to test their 
ideas by leaving the circuits connected up in a 
dark place overnight (or until the next

Creative Capacity Building
Most of this lesson will be spent on a 
“Creative Capacity Building” session 
to design and build the structure 
and covering of the lamp. As with 
all CCB sessions, it is important to 
remember:

! Wherever possible, ask students 
to think of designs relevant to their 
own lives (ask “how would you use 
a lamp”)

! Suggest, don't tell – don't show any 
pre-made lamps, or students will 
most likely copy them, thinking they 
are the “right” answer.

Refl ective materials can be used to 
point light in a particular direction, if 
the lamp is being used for something 
focused – e.g., a desk lamp for reading.

Another property of diodes is that they only 
let current fl ow through them if the voltage 
across them is higher than a certain amount. 
They are like switches that turn on once a 
high enough voltage is applied.

This property can be used to prevent over-
charging in a battery.

The voltage that the diode has to reach in 
order to conduct current is called the turn-on 
voltage. Before the turn-on voltage is reached, 
the diode behaves like it is an open circuit – 
no current is fl owing.

Once the turn-on voltage is reached, it 
behaves like a short circuit – it has very low 
resistance -  and (in a simple model) will 
always have the turn-on voltage across it for 
any amount of current.

This means that, if a diode is in parallel with 
another circuit component and the voltage 
across them is under the turn-on voltage 
of the diode, almost all the current will go 
through the other component (as shown on 
the left).

If the voltage is above the turn-on voltage, al-
most all the current will go through the diode.  

Di! erent diodes, such as di! erent colors of 
LED's, will have di! erent turn-on voltages. 
If we put several diodes in series, they will 
behave as if they are a diode whose turn-on 
voltage is the sum of the turn-on voltages of 
each individual diode.  This is because each 
diode needs its individual turn-on voltage 
across it to conduct, and because they are 
in series, the voltages add and they must all 
conduct for any one to conduct.  

Therefore a string of diodes (such as LEDs) 
can be used to divert the current away from 
a sensitive component (such as a Li battery) 
when the voltage reaches a threshold (such 
as the 4.4V for fully charged).  

When the voltage is below 4.4V, the diodes 
won’t let current through, and the current will 
instead go through the battery and charge it.  
Once the voltage across the battery reaches 
4.4V, for fully charged battery, the string of 
LEDs begins to allow current through, and 
current no longer passes through the battery, 
preventing it from overcharging.



Below is a simple overcharge circuit – note 
how the LED and switch are connected in 
series, but are both connected in parallel with 
the battery. Make sure the students under-
stand how series and parallel connections 
are represented – maybe even show some 
real-life examples.

Charging/ !!Discharging
When a solar panel properly connected to a 
battery is put in the sun, the panel will gener-
ate a current which will fl ow in the circuit, 
charging the battery. If a battery is connected 
to a solar panel that is in darkness, the panel 
will not generate current. But because there 
is still a complete circuit loop, and a voltage 
across the battery, current will still fl ow in the 
circuit, but this time it will fl ow in the opposite 
direction and discharge the battery.

For a solar lamp, we want a circuit that can 
charge when the solar panel is in the sun, but 
we want to stop it from discharging when the 
panel is in the shade. To do this, we can fi nd a 
way to only let the current fl ow in one direc-
tion – the direction that charges the battery.

Diodes
A diode lets current pass through it in one 
direction, but if the current is fl owing in the 
other direction, it cannot get past the diode. 

If we add a diode to the charging circuit 
such that it allows current to pass only in the 
direction that charges the battery, the battery 
won’t drain even when the solar panel is unlit.

Overcharging Circuit
As previously mentioned, it can be very 
dangerous to overcharge a battery. We need 
to introduce something into the circuit that 
stops the battery from charging once it reach-
es a certain voltage.

A nominally 3.7V lithium ion battery (such as 
a cell-phone battery) is fully-charged when 
there are 4.4V across its terminals.

Light-emitting diode (LED): Operates 
in the same way as a diode (one-direc-
tional) but also emits light.

Switch: Opens/closes a circuit

lesson). Have the students measure the volt-
age across their batteries (with a resistor 
between the positive and negative terminals) 
and write a note of it down until the next 
lesson.

Discussion: Designing a Lamp (30 mins)

Ask the students to think about all the ways 
that having a lamp that charges during the 
day and provides light at night could be use-
ful. Have them split into groups and discuss 
ways that they could use their lamps and 
what kind of structure they would have to 
build to do that. Hand out pens and paper and 
encourage them to draw designs. Then have 
each of the students explain their designs to 
the class. 

Basic Optics (10 mins)

Get some materials with di! erent optical 
properties (refl ective, di! usive, transpar-
ent – e.g. tin foil, a translucent plastic bottle, 
clear glass) and some fl ashlights (torches) 
and pass them around the class. Have the 
students shine light on the materials and see 
how it behaves. Then get the group together 
and ask them to talk about what they've 
found. Explain what these di! erent proper-
ties (refl ection, di! usion and transparency) 
are called and how they can be used to build 
lamps (directing light, spreading it, protecting 
the bulbs).

Structural considerations (5-10 mins)

Talk to the class briefl y about other design 
considerations – how to make a solid base, 
how to protect the battery and lights, etc. 
Tell them to think about these in relation to 
their designs – ask the class to come up with 
some design considerations of their own. Also 
brainstorm some of the materials they could 
use – let the class come up with some ideas 
for recycled lamp-building materials.

Lamp building (40-60 mins)

Let the students go “back to the drawing 
board” for a few minutes on their designs – 
have them draw a new design based on the 
information about optics and structure. Then 
start a build session! This can either be done 
by having the students choose from a pile of 
pre-collected found/recyled material, or hav-
ing them leave the classroom and fi nd their 
own materials. Try to provide a selection of 
hand tools beforehand and check up on stu-
dents to see if they need help, and make sure 
they're keeping in mind structural/optical 
design considerations – but try not to direct 
them too much! After everyone's built their 
lamp, have them show it to the class.

Di! usive materials can be used to 
spread light out over a large area, if 
the lamp is being used to light a large 
space – e.g. a ceiling lamp for lighting 
a work table

Transparent materials can be used 
(along with refl ective and di! usive 
materials, if necessary) to protect the 
lamp from water, dust or other damage 
without interfering with the properties 
of the light. This could be used for a 
lamp meant to be used outdoors – e.g. 
a handheld torch.



This is a space for taking notes, 
whether they're for preparation or 
refl ection. Below are some suggested 
questions for after teaching:.

What questions would you ask some-
one who'd taught this lesson before?

What advice do you have for the next 
person to teach this lesson?

What aspect of the lesson do you think 
worked best? Least?

Should anything be changed before the 
lesson is taught again?

Do you think the students were ex-
cited/interested in the lesson content?

Were students confi dent in putting 
forward their own designs and ideas? 
Was there anything you found e! ective 
at encouraging them to do so?

Were students comfortable with build-
ing? Were they able to work indepen-
dently after being given a demonstra-
tion, or did they need some help?

Do you think the right amount of time 
was given to each of the activities?

Thanks! Send this to pen@mit.edu, 
and we'll greatly appreciate it.

Circuit intro
Battery Overcharging
We know that batteries are used to supply 
power to a circuit. They use an electrochemi-
cal reaction to make electrons fl ow between 
the two battery terminals, turning chemical 
energy into electrical energy.

Rechargeable batteries work the same way, 
but the reaction can be reversed – applying 
electrical energy to the battery reverses the 
reaction, turning it back into chemical energy 
within the battery. The battery can then be 
used to power a circuit again, and then re-
charged again when it runs out of energy.

The most common type of rechargeable bat-
tery is a lithium ion battery – these are the 
batteries found in mobile phones (which we 
all know are rechargeable).

Circuit Diagrams
Circuits are essentially a power source and 
components connected by wires – the circuit 
has to be 'complete' (i.e. connected in a full 
circle) otherwise current will not fl ow. Circuit 
diagrams are basically precise ways of rep-
resenting a circuit, with di! erent symbols for 
each component.

Components that are electrically connected 
(through wires, or by directly connecting them 
together) are connected by simple straight 
lines.

Components would be di"  cult to draw realis-
tically, so they are represented by symbols. A 
few common circuit symbols are shown in the 
sidebar – you can draw these when teaching.

Below is a picture of the simple panel circuit: 
a voltage source (the panel) is connected in 
series with a battery and a resistor. 

Since we won't build a circuit to stop 
this  overcharging from happening 
until the second part of the lesson, 
you should be careful to start the les-
son with partially charged batteries.

To make sure they are only partially 
charged, measure with a multimeter 
(a fully-charged battery is around 
4.5V) or use one from a mobile 
phone that has been used for several 
hours, but can still turn on.

Battery/other voltage source: Note the 
positive and negative terminals

Resistor: At top is what a standard re-
sistor looks like in real life. The squiggly 
line is the US standard resistor, the box 
is standard in the UK and some other 
commonwealth countries (e.g. Ghana).

Diode: The direction of the arrow in-
dicates the direction current can fl ow. 
The diode direction is usually indicated 
by a marking as shown at top.

WARNING
If lithium ion batteries are over-
charged, they can overheat and 
cause a fi re, or damage  the battery. 


