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The D size batteries you will need
are NOT INCLUDED in your kit. 
They are easy to find, and cheap to buy.

MacombSO.org/elementary

Hands On Exploration Kit
Charged-Up

First- An important note about your Charged Up Exploration Kit.
 
DO NOT ASSUME that you will see something at the tournament because it was 
in this kit. 

This supplemental study material IS NOT part of the event rules. 

Be sure that you’re using the current rules, and watch the FAQs on the website. 
Check the Charged-Up event page on our website for additional study material.
 
 

This kit is not only to help you prepare for the tournament… 
You’re experimenting with circuits that work, and circuits that don’t work, and 
understanding why. The basic principles you learn in this event are part of the 
technologies you’re surrounded by every day.

Get started building circuits. Think about what you’re seeing. Look around for 
other examples of what you’re learning about. 
The components may look different, but the principles of operation are the same.
There is no substitute for hands-on learning!

The components in this kit are for low voltage / low current. 
They are to be used with (2) D cell batteries that you provide.
DO NOT PLUG ANYTHING INTO A WALL SOCKET!



The components in this kit are for low voltage / low current. 
They are to be used with D cell batteries that you provide. 

DO NOT PLUG ANYTHING INTO A WALL SOCKET!

2 Pieces-
Lamp holders (sockets) 
for miniature screw base lamp

6 Pieces-
1.3 Volt lamps with miniature screw base
(They glow brightly with a 1.5 Volt battery)

10 Pieces-
18 Gauge 18 in long insulated wires
with alligator clips at both ends

2 Pieces-
SPDT Knife switches

5 Pieces- Resistors of random sizes

2 Pieces- LED (Light Emitting Diode)
They may be di�erent colors

2 Pieces-
D cell battery holders
Can snap together in series or parallel

They are easy to find, and cheap to buy, but 
they have a limited life. 
Your experimental circuits will not operate 
properly when your battery power is too low.

Batteries are NOT 
INCLUDED in your kit. 

You will also need 2 D cell batteries

2 Pieces- Diodes

1 Each- DC motor
and push-on propeller



Macomb Science Olympiad     Charged Up  Exploration Kit 

Batteries are NOT INCLUDED in your kit. They are easy to find, and cheap to buy. 
They have a limited life. Your experimental circuits will not operate properly when 
your battery power is too low.

This is the schematic symbol for a single battery cell.

A single cell in good condition produces 1.5 volts. When batteries are 
connected in series, their voltage output is combined. These two cells in 
good condition would produce 3 volts.

Important note! The higher voltage of both batteries in series is required to 
operate the LEDs in your kit. 

The battery holders it your kit are designed 
for standard D Cells. They may not look 
exactly like the holders you see at the 
tournament, but don’t be distracted by this. 

Two cells in series would be drawn like this 

Two cells in parallel would be drawn like this

When batteries are connected in parallel, their output voltage remains the same. 
If you connect 100 batteries in parallel, their output will still be 1.5 volts.

Don’t be fooled… If you’re using a digital meter to test a battery, it may indicate 1.5 
volts even though it is depleted to a level that it cannot operate a device. 

Batteries
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But what about a rectangular 9 volt battery? 

The materials a battery is made from produce approximately 1 ½ 
volts, no matter if it is a D cell like you’re experimenting with here, or 
the tiny button style batteries in your Grandmother’s hearing aid. 

Inside the battery case, there are six small batteries 
connected in series. (6 X 1.5 volts = 9 volts) 

Lamps (Bulbs)

Your kit includes incandescent bulbs and miniature 
screw base holders (sometimes called sockets). 

Two bulbs in series would look like this 

The lamp holder is only a convenient way to connect wires to the lamp and 
has no effect in the circuit, so it does not appear on a schematic.

The schematic symbol is

An incandescent lamp has no polarity ( + or -). 
It can be connected any way that passes current thru the filament.

Two bulbs in parallel would look like this 
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Try this-  Connect two lamps to a single battery wired in parallel 
and pay attention to the light intensity. Then connect them in 
parallel. Do you see a difference? 

Switches

The schematic symbol is 

The schematic symbol is

If you have a lamp that is controlled by a single switch on the 
wall, that switch is SPST. The switch is ‘ON’ (closed) in the up 
position, and ‘OFF’ (open) in the down position if it was 
installed correctly.

The switches included in your kit are 
SPDT (Single Pole Double Throw). 

If we ignore one side of the switch. It becomes a SPST 
(Single Pole Single Throw).

Lights in your house are all wired in parallel. When you plug something into an 
outlet, you’re connecting it to that parallel circuit.

+

-

+

-
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Diodes

Sometimes a light is controlled by two different 
switches. Look around your house at the top 
and bottom of a stairway, or in a room with two 
entrances.  The ‘ON’ position may be may be 
either up or down, depending on the position of 
the other switch. Those switches are SPDT.

Try connecting your two SPDT switches to operate the same as a 
light in your house that is controlled by two switches (Sometimes 
called a 3-way switch).
Either switch can turn the light on or off.

A diode will only allow current to flow in one direction. 

The positive (+) side is called the anode, and the negative (-) side is called 
the cathode.

Since it’s important to know the 
polarity, a diode is usually marked 
with a stripe on the (-) end.

The schematic symbol is

This diode is ‘forward biased’ 
and the lamp lights

This diode is ‘reverse biased’ 
so the lamp is off

+

-

- +

+ -

+ -

+

-
+-

+

-



Macomb Science Olympiad     Charged Up  Exploration Kit 

LEDs

LED stands for Light Emitting Diode. It is a diode that glows when current is 
applied in the proper direction. 

As with a diode, the positive (+) side of an LED is called the anode, and the 
negative (-) side is called the cathode.

The schematic symbol is

An LED usually has a longer anode (+) leg. 
Sometimes it will have a flat spot on the case. 
The leg nearest the flat edge will be the 
cathode (-)

Most LEDs require more than 2 volts to operate, so 
you will have to connect two batteries in series for them to work.

Build this circuit using your two LEDs and a SPDT switch. You must use 
both batteries in series as shown. Pay close attention to the polarity. 
You may want to bend the long leg 90 degrees to separate them and 
make it easier to tell them apart.

What difference did you see when you changed the polarity of the batteries? 

Why did that happen?

Flip the polarity
of the batteries.

+ -

+ -+ -

+ -
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+- +-
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Resistors

Resistors are probably the most common component in electronic circuits found in 
devices you use every day.

Unlike a diode or LED, a resistor has no polarity. Resistors act to reduce current 
flow, and lower voltage levels. Resistors are key in making sure LEDs don’t blow 
up when power is applied.

The schematic symbol is

The electrical resistance of a resistor is measured in ohms. The symbol for an ohm 
is the greek capital-omega: Ω. (The simplified definition of 1Ω is the resistance 
between two points where 1 volt of applied potential energy will push 1 ampere of 
current)
They come in many shapes and sizes. You can determine the size of most resistors 
by it’s color coded bands.
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Build this circuit using your two LEDs and a SPDT switch. You must use 
both batteries in series as shown. Pay close attention to the polarity. 

What did you see? Why did this happen?

Remember what you learned about the voltage required to operate an LED?

Try this-  Connect two lamps, one of them with a resistor in series. 
Pay attention to the light intensity. Do you see a difference? 

+-

+-

+- +-

+

-

Now try a different resistor with a different value. What did you see? 
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Motors

There are many types of DC (Direct Current) motors. The motor in your kit is a 
brushed that uses internal commutation, stationary permanent magnets and rotat-
ing electrical magnets. (But don’t worry about that)

The motor in your kit is designed to operate from 
1 1/2 volts (that’s one battery) up to 3 volts (two 
batteries). 

Be careful when you build this circuit. The battery 
polarity is different than the circuit above. 

You may see a few different schematic symbols for a motor, but we’ll use this one:

Motors of this type are often used to operate toys. It’s easy to 
control their speed and direction. Reversing the polarity will reverse 
to motor rotation. Pay close attention to the battery polarity in this 
schematic. 

What happens when you change the switch position? 
Why does this happen?

What happens when you 
change the position of 

BOTH SWITCHES? 

M+ -
+-

M+ -

+ -

+ -

M+ -

+ -


