


DC Motors	              PHYS 202L			Name:_____________________________

Partner(s):_______________________________________________________________

Purpose: The purpose of this experiment is to build a DC motor, and understand its operation. 
A. Pre-lab: (Watch the following video) https://www.youtube.com/watch?v=elFUJNodXps
(From Cutnell & Johnston, 10th Ed, page 593-594) 
The physics of a direct-current electric motor: The electric motor is found in many devices. 
1. Name five devices that use electric motors?




Figure 21.22 shows that a direct-current (dc) motor consists of a coil of wire placed in a magnetic field and free to rotate about a vertical shaft. The coil of wire contains many turns and is wrapped around an iron cylinder that rotates with the coil, although these features have been omitted to simplify the drawing. The coil and iron cylinder assembly is known as the armature. Each end of the wire coil is attached to a metallic half-ring. Rubbing against each of the half-rings is a graphite contact called a brush. While the half-rings rotate with the coil, the graphite brushes remain stationary. The two half-rings and the associated brushes are referred to as a split-ring commutator (see below).
	[image: Image described by caption and surrounding text]
	
Answers are needed here:

	Fig. 21.22: The basic components of a dc motor. A CD platter is shown as it might be attached to the motor.

	(a) When a current exists in the coil, the coil experiences a torque. (b) Because of its inertia, the coil continues to rotate when there is no current.
I. In the figure (a) above show the following: 1. Current (I) in the coil 2. Magnetic field (B) 
3. Magnetic force (F) on current that gives rise to the torque. 
II. Identify the split-ring commutator in the diagram above.

	In position (b) the half-rings momentarily lose electrical contact with the brushes, so that there is no current in the coil and no applied torque. However, like any moving object, the rotating coil does not stop immediately, for its inertia carries it onward. When the half-rings reestablish contact with the brushes, there again is a current in the coil, and a magnetic torque again rotates the coil in the same direction. The split-ring commutator ensures that the current is always in the proper direction to yield a torque that produces a continuous rotation of the coil.



One of the key take-away from the above passage is the importance of the split-ring commutator. In our construction of the motor, we won’t use the split-ring commutator. Instead, we need to come up with a different technique. Without it the motor won’t continue to rotate in the same direction, as illustrated and explained again below.
A DC motor converts direct current electrical power into mechanical power. DC motors were the first type widely used, since they could be powered from existing direct-current lighting power distribution systems. The electric motor was discovered by Faraday in 1851. In an electric motor a torque is exerted on a coil of current-carrying wire suspended in a magnetic field of a magnet. 

The magnitude of the magnetic force (F) in a current (I) carrying conductor of length (L) in a magnetic field (B) is given by:, where θ is the angle between B and I.
The direction for the above magnetic force can be obtained using the right-hand rule as follows:
	

	When the right hand is oriented so that the fingers point along the magnetic field B and the thumb points along the current I, the magnetic force is in the direction of out-of-palm. 




B. Figure out the way the wire between the poles of the horse-shoe magnet will move, when the switch is turned on, using the right-hand rule, for the situation shown below. 
	

	[bookmark: _GoBack]Using the above method identify the poles for the given horse-shoe magnet, put a scotch tape on the North pole, and turn in the magnet. 


  



Answers are needed here:
In the figure below, a current flows through the loop of wire in a magnetic field. 
In Figure I, show the forces acting on sections AB, BC, CD, and DA of the wires, and figure-out the way the coil will rotate.
After a half-turn of rotation, in Figure 2, again show the forces acting on sections AB, BC, CD, and DA of the wires, and figure-out the way it will rotate.
In this arrangement, will the coil continue to rotate in the same direction? ___________ 
[image: ]
To overcome the change in rotation direction, the current will not made to flow in figure 2. The inertia and motion will keep the coil rotating in figure 2, without the opposing force. This will be accomplished by removing the insulation along only one side of the coil, as shown below.
[image: ][image: C:\Users\amirf\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_0491.jpg]
Apparatus: Metal supports, plastic base, ceramic magnet, magnet wire, D-cell battery, and straight-edge scraper. 
[image: C:\Users\amirf\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\20160201_153332.jpg][image: C:\Users\Fatima\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\20160201_162522.jpg]



B. Procedure for Building a motor

1. Unwrap the wire and straighten out any bends. Leaving about 2 inches, wrap the wire around a wooden cylinder to form a coil. Leave another 2 inches on the other end, also. 

2. Wrap each end of the wire tightly around the coil to keep the coil together. The two ends should stick out directly opposite of each other and should be at least 1 inch long.

3. The wire is covered with an enamel coating for insulation. Place your constructed coil, flat on the lab table. Hold the coil and scrape the enamel coating with the scraper, on the top-half of the extended wires. Do not scrape the bottom half of the wire. The enamel is left on the bottom half of each wire.
[image: C:\Users\amirf\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_0491.jpg]                         [image: ]


4. Put the two metal supports into the plastic base then put the battery into the plastic base. 
[image: C:\Users\amirf\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\20160201_153732.jpg] [image: C:\Users\amirf\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\20160201_154220.jpg]
5. Set the coil ends into the U of the supports, put the magnet on the plastic base, and your motor is ready to run. Give the coil a gentle spin, is your motor spinning?
[image: C:\Users\amirf\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\20160201_154120.jpg][image: ]

C. During the operation of the constructed motor, the coil will get heated up. Explain why?


D1. Double the batteries, two D Batteries, as shown below and observe what happens. 
[image: C:\Users\amirf\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_0483.jpg]D2. Explain your observations.


E. During the construction of the coil (armature), procedure B3, the enamel (insulation) was left on the bottom half of each wire. 
[image: C:\Users\amirf\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_0491.jpg]                         [image: ]
Now, remove the insulation all around, for the two ends of the coil, place the coil, run the motor, and see what happens. Describe your observation below.





F. Homopolar motor: You can build a homopolar motor out of a AA-battery, a single wire, a screw and a magnet. Assemble the parts as shown in the figure below, is your screw rotating? Reverse the magnet and see how the rotation changes. Also, reverse the battery and see how the rotation changes. Explain how the rotation takes place? 

[image: ]
Attach the Conclusion page.
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