Note-A-Rific: Galvanometers & Motors

A galvanometer is a device used to measure a small current (it can be used to make either
avoltmeter or ammeter)
e |f weweretolook down on agavanometer it would look like this...
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e |’'ve coloured the wire segments to make it easier to follow our analysis of the
forces on the different sections.
e Inthispicturethereisasingleloop of wire (in arectangular shape) inside the
magnetic field.
e Usually agalvanometer is made by winding the wire up as a coil around alight
weight rectangular frame many times.
e Oneend of thewirewill be connected to positive, the other to negative.
o Justto makeit interesting, let’s do this problem assuming that we are
using conventional current.
0 Thisjust meanswe will be using right hand rules... your answers for
electron flow would be using left hands.
When a conventional current startsto flow...
e What isthe force exerted on the wire at point (a)?
Using the 3" right hand ruleisn’t possible at this point, since the current is
parallel to the magnetic field at this point... so the force on the wire is zero!

e What isthe force exerted at point (b)?
Now you can use the 3" right hand rule. You should find that the force isinto the
page at that point.

e What istheforce exerted at point (c)?
Again, since the current is parallel to the magnetic field, the force is zero.

e What isthe force exerted at point (d)?
Using theright hand rule, the force is out of the page.

e What istheforce exerted at point (e)?
Guess what... the current is parallel to the magnetic field again, so zero force.



If I was to show where the forces are present, my diagram would look like...
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e Theonly placethereisforce on thewireisat (b) and (d).

e Sincethewireloop is pushed down on one side, and up on the other, it will start
to spin.

e |f thisishooked up to a needle on a meter, the needle will show how much
current is flowing through.

e Keepin mind that with the ssmple design shown here, the thing would keep
spinning until the left sideis up out of the page and the right side is down into the
page.

e At thispoint the forces are still pushing (respectively) up and down, so it won't
turn any more... how can we get it to turn further?

Thisisthe problem that needed to be solved in order to be able to build electric motors.
e A motor must be able to rotate lots of times.
e Thisleaves us with two solutions:
1. Reversethe magnetic field every half turn.
Not really practical. We would have to set up an electromagnet that we
could switch every Y2 turn, keeping it in sync with the rotating coils. Also,
switching the polarity in an electromagnet is not instantaneous.
2. Reversethe current in the wire every half turn.
Thisisdone by using a split ring commutator.

The next set of images show what would happen if this was allowed to rotate freely
e Theviewisasif youlooked edge on at the diagram from above.
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e Thisshowsthe set up at the start. Remember in the diagrams from before (b) was
pushed up and (d) down, so thiswill start to rotate clockwise.
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e The positive brush is still touching wire (b), but just barely. The wire (d) isaso
still in contact with the negative terminal.

e Atthissplitinstant, neither of the terminalsisin contact with the wires. Thisis
when the wires are at their maximum and minimum points. Since it is already
spinning, it has momentum and keeps going clockwise.
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e Now (d) istouching the positive terminal, and (b) is touching negative, so they
keep spinning clockwise... on and on...
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In areal motor, instead of one loop of wire, you loop the wire around many times.

Since thereis now agreater length of wirein the field, the force increases
resulting in a stronger motor.

Call these loops an armature.
Y ou can use the formula...

Fn=nlIB

where “n” isthe number of complete loops of wire that make up the armature.
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