
PHY 120 - Lecture Notes by Alberto Rojo

Batteries

Watt is the unit of power?

Standard 9-volt battery

1 Basics of batteries

A battery is a device that converts chemical energy into electrical energy.
Every battery (or cell) has a cathode, or positive electrode, and an anode,
or negative electrode. These electrodes must be separated by and are often
immersed in an electrolyte that permits the passage of ions between the
electrodes. In the experiment done in class we used zinc for the anode,
copper for the cathode and coke as an electrolyte.In the figure below we
show a diagram of the basic working of a battery.

Since the electrodes and the electrolyte contain only a limited number
of units of chemical energy convertible to electrical energy, it follows that
a battery of a given size has a certain capacity to operate devices and will
eventually become exhausted.

1



Standard 9-volt battery

The active parts of a battery are usually encased in a box (or jacket)
and cover system that keeps air outside and the electrolyte solvent inside
and that provides a structure for the assembly.

If you look at any battery, you’ll notice that it has two terminals. One
terminal is marked (+), or positive, while the other is marked (-), or neg-
ative. In an AA, C or D cell (normal flashlight batteries), the ends of the
battery are the terminals. In a large car battery, there are two heavy lead
posts that act as the terminals.

Electrons collect on the negative terminal of the battery. If you connect
a wire between the negative and positive terminals, the electrons will flow
from the negative to the positive terminal as fast as they can (and wear out
the battery very quickly – this also tends to be dangerous, especially with
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large batteries, so it is not something you want to be doing). Normally, you
connect some type of load to the battery using the wire. The load might
be something like a light bulb (as done in class), a motor or an electronic
circuit like a radio.

Inside the battery itself, a chemical reaction produces the electrons. The
speed of electron production by this chemical reaction controls how many
electrons can flow between the terminals. Electrons flow from the battery
into a wire, and must travel from the negative to the positive terminal for
the chemical reaction to take place. That is why a battery can sit on a shelf
for a year and still have plenty of power – unless electrons are flowing from
the negative to the positive terminal, the chemical reaction does not take
place. Once you connect a wire, the reaction starts.

2 Voltage

The force pushing the electrons from one electrode to the other through
the light bulb (or any other load) is called voltage. The actual metals and
electrolytes used in different batteries control the voltage of the battery –
each different reaction has a characteristic voltage. For example, in a car
acid the electrodes are lead and lead oxide and the electrolyte is sulfuric
acid. in one cell of a car’s lead-acid battery. The characteristic voltage is
about 2 volts per cell, so by combining six cells one gets a 12-volt battery. A
lead-acid battery has a nice feature – the reaction is completely reversible. If
you apply current to the battery at the right voltage, lead and lead dioxide
form again on the plates so you can reuse the battery over and over. Here
are some other examples:

• Zinc-carbon battery - Also known as a standard carbon battery, zinc-
carbon chemistry is used in all inexpensive AA, C and D dry-cell
batteries. The electrodes are zinc and carbon, with an acidic paste
between them that serves as the electrolyte.

• Alkaline battery - Used in common Duracell and Energizer batteries,
the electrodes are zinc and manganese-oxide, with an alkaline elec-
trolyte.

• Lithium photo battery - Lithium, lithium-iodide and lead-iodide are
used in cameras because of their ability to supply power surges.

• Nickel-cadmium battery - The electrodes are nickel-hydroxide and cad-
mium, with potassium-hydroxide as the electrolyte (rechargeable).
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• Silver-zinc battery - This is used in aeronautical applications because
the power-to-weight ratio is good.

3 Battery arrangements

There are two basic arrangements of batteries: series and parallel. In the se-
ries arrangement, the voltages add. In the parallel arrangement the voltages
are the same but the battery will last longer.

Standard 9-volt battery

A standard 9V battery contains six, very small batteries 
producing 1.5 volts each in a serial arrangement!

4 Water Analogy

Although it is difficult to keep straight the concepts of voltage, for electrical
circuits there is a helpful analogy with pressure in water. Wires are, of
course, like pipes; electrical current is like the rate of water flow (gallons
per minute) and voltage is like water pressure. In this analogy batteries and
generators are like pumps.
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A pump establishes a pressure difference between the input and output
(A and B) in the figures. This means that it can push water up to a certain
height. If there is a pressure difference between two containers that are
connected water will flow. This is the equivalent of current. We can put
something that resists the flow in the middle, like the wheel shown in the
figure. This wheel will rotate and this corresponds to the lightning of a
light bulb. If we connect two pumps in series the pressure difference will be
doubled. If we connect them in parallel the pressure will be the same but
each pump will be working at a lower rate. For batteries this means that
the light bulb will be equally lit but the battery will last longer.
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