[bookmark: _GoBack]ELECTRIC CELLS (Battery Construction)
The word battery simply means a group of similar components. In military vocabulary, a “battery” refers to a cluster of guns. In electricity, a “battery” is a set of voltaic cells designed to provide greater voltage and/or current than is possible with one cell alone.
The symbol for a cell is very simple, consisting of one long line and one short line, parallel to each other, with connecting wires:
[image: cell]
The symbol for a battery is nothing more than a couple of cell symbols stacked in series:
[image: battery]
As was stated before, the voltage produced by any particular kind of cell is determined strictly by the chemistry of that cell type. The size of the cell is irrelevant to its voltage. To obtain greater voltage than the output of a single cell, multiple cells must be connected in series. The total voltage of a battery is the sum of all cell voltages. A typical automotive lead-acid battery has six cells, for a nominal voltage output of 6 x 2.0 or 12.0 volts:
[image: 12 volts battery]
The cells in an automotive battery are contained within the same hard rubber housing, connected together with thick, lead bars instead of wires. The electrodes and electrolyte solutions for each cell are contained in separate, partitioned sections of the battery case. In large batteries, the electrodes commonly take the shape of thin metal grids or plates and are often referred to as plates instead of electrodes.
For the sake of convenience, battery symbols are usually limited to four lines, alternating long/short, although the real battery it represents may have many more cells than that. On occasion, however, you might come across a symbol for a battery with unusually high voltage, intentionally drawn with extra lines. The lines, of course, are representative of the individual cell plates:
[image: unusually high voltage symbol for battery]
How is the Size of the Battery Relevant?
If the physical size of a cell has no impact on its voltage, then what does it affect? The answer is resistance, which in turn affects the maximum amount of current that a cell can provide. Every voltaic cell contains some amount of internal resistance due to the electrodes and the electrolyte. The larger a cell is constructed, the greater the electrode contact area with the electrolyte, and thus the less internal resistance it will have.
Although we generally consider a cell or battery in a circuit to be a perfect source of voltage (absolutely constant), the current through it dictated solely by the external resistance of the circuit to which it is attached, this is not entirely true in real life. Since every cell or battery contains some internal resistance, that resistance must affect the current in any given circuit:
[image: ideal real battery 1]
The real battery shown above within the dotted lines has an internal resistance of 0.2 Ω, which affects its ability to supply current to the load resistance of 1 Ω. The ideal battery on the left has no internal resistance, and so our Ohm’s Law calculations for current (I=E/R) give us a perfect value of 10 amps for current with the 1-ohm load and 10 volt supply. The real battery, with its built-in resistance, further impeding the flow of current, can only supply 8.333 amps to the same resistance load.
The ideal battery, in a short circuit with 0 Ω resistance, would be able to supply an infinite amount of current. The real battery, on the other hand, can only supply 50 amps (10 volts / 0.2 Ω) to a short circuit of 0 Ω resistance, due to its internal resistance. The chemical reaction inside the cell may still be providing exactly 10 volts, but the voltage is dropped across that internal resistance as current flows through the battery, which reduces the amount of voltage available at the battery terminals to the load.
How to Connect Cells to Minimize the Battery’s Internal Resistance?
Since we live in an imperfect world, with imperfect batteries, we need to understand the implications of factors such as internal resistance. Typically, batteries are placed in applications where their internal resistance is negligible compared to that of the circuit load (where their short-circuit current far exceeds their usual load current), and so the performance is very close to that of an ideal voltage source.
If we need to construct a battery with lower resistance than what one cell can provide (for greater current capacity), we will have to connect the cells together in parallel:
[image: batterys internal resistance]
Essentially, what we have done here is to determine the Thevenin equivalent of the five cells in parallel (an equivalent network of one voltage source and one series resistance). The equivalent network has the same source voltage but a fraction of the resistance of any individual cell in the original network. The overall effect of connecting cells in parallel is to decrease the equivalent internal resistance, just as resistors in parallel diminish in total resistance. The equivalent internal resistance of this battery of 5 cells is 1/5 that of each individual cell. The overall voltage stays the same: 2.0 volts. If this battery of cells were powering a circuit, the current through each cell would be 1/5 of the total circuit current, due to the equal split of current through equal-resistance parallel branches.
REVIEW:
· A battery is a cluster of cells connected together for greater voltage and/or current capacity.
· Cells connected together in series (polarities aiding) results in greater total voltage.
· Physical cell size impacts cell resistance, which in turn impacts the ability for the cell to supply current to a circuit. Generally, the larger the cell, the less its internal resistance.
· Cells connected together in parallel results in less total resistance, and potentially greater total current.


Simple Electrical Cell
The simple voltaic (or galvanic) electrical cell is the most basic type of "wet" cell and demonstrates the fundamental chemistry behind batteries.
The simple voltaic (or galvanic) electrical cell, developed in the early 1800s, is named (depending on which moniker you use) either after Italian physician Luigi Galvani or after Galvani's contemporary and compatriot, Alessandro Volta. Galvani was the first person to stumble across electrochemistry, the phenomenon described below, thanks to some dead frogs. Volta was the first person to understand what Galvani had discovered and put it to use in the voltaic pile, the first battery (batteries are comprised of numerous cells).
What you see below is about as simple as a battery gets, and demonstrates the chemistry behind Volta's device and its successors. The arrangement consists of two different metals partially submerged in an electrolyte (a solution containing ions, particles that carry either a negative or positive charge). Completing the picture is a wire connecting the dry ends of the two metals.
This setup turns chemistry into usable electricity (though not very much of it) courtesy of the processes of oxidation and reduction (together referred to as redox) and of the electrons (negatively charged particles) that obligingly carry the generated current.
To understand this better,
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You see two strips of metal: zinc on the right and copper on the left. Now, any metal you stick in your electrolyte (in this case sulfuric acid) will react by dissolving into positive ions. The difference is in how quickly they dissolve. Zinc dissolves more quickly than copper. So there are more positive ions (depicted as gray particles) in the solution around the zinc than around the copper, and more electrons (depicted here as yellow particles) left behind inside the zinc than in the copper. As a result, there is a potential (voltage) difference between the two.
Now, without a circuit, that potential difference doesn’t mean too much. But if you create a circuit by connecting these metals with a wire, as seen above, the extra electrons (depicted here as yellow particles) that have built up in the zinc side will be drawn to the copper, which, by comparison, is electron deficient. This flow is what produces electricity (by convention, the electricity flows in the opposite direction of the electrons).
The circuit continues in the solution, of course, where things get a bit more complicated. But in case you’re wondering, what happens is this:
· The sulfuric acid diluted in water breaks down into positive hydrogen ions (2H+, depicted as red particles) and negative sulfate ions (SO-24, illustrated as blue and orange molecules).
· Zinc molecules, after each losing two electrons that get drawn into the wire, become positive ions (Zn2+ – our little round gray friends) that dissolve in the acid by joining with the negative sulfate ions; in other words, the zinc corrodes.
· The zinc ions also work to nudge (repel) the hydrogen ions toward the copper, where they become attached to the incoming electrons and form molecules of hydrogen gas (appearing as light-colored bubbles in our applet) on the surface of the copper. This build-up interferes with the conduction of electricity (this is called polarization) and can halt the flow entirely, if the zinc doesn't corrode away or the solution get used up first.
This migration of negative and positive within the solution is the ionic current that balances out the electric current flowing through the wires. Use the applet speed slider to study the process in slow motion or to speed it up.
Ever hear of a “lemon battery”? It is basically a variation of what is pictured here.
In this setup, the zinc is the anode – the “negative” electrode where oxidation (giving away those electrons) occurs; the copper is the cathode – the “positive” electrode at which reduction (accepting those donated electrons) occurs.
Not long after the invention of this cell (which, as opposed to the "dry" voltaic pile, is a kind of "wet cell"), an improvement known as the Daniell cell was devised.
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the electrons (negatively charged particles) that obligingly carry the generated current.

To understand this better, let's take a closer look at the applet below.
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