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Terms to Know: back EMF, transformer, ground, inductance, RLC

Learning Objectives from the beginning of the chapter in OpenStax College Physics
23.6. Back EMF
• Explain what back EMF is and how it is induced.

* Calculate power in a motor with and without back EMF

23.7. Transformers
• Explain how a transformer works.
• Calculate voltage, current, and/or number of turns given the other quantities.

23.8. Electrical Safety: Systems and Devices
• Explain why a three-wire connection can provide protection to users of electrical equipment

23.9. Inductance
• Explain why inductors interact with AC signals

23.10. RL Circuits
• skip

23.11. Reactance, Inductive and Capacitive
• skip.

23.12. RLC Series AC Circuits
• Explain why the RLC circuit has a minimum resistance at a certain frequency

23.6 Back Emf
Q1. Where is back (counter) EMF found and what is its cause?

TRUE or FALSE   Back EMF reduces the current in a motor.

Why do the lights in some kitchens dim when the refrigerator motor starts?

Be able to do calculations of I and Power for electric motors when the back EMF is 0 and when there is a given value of back EMF.  The basic technique is to subtract the EMF’s and then calculate I.
Q2. Why is it dangerous for the bearings to fail on an electric motor?

23.7 Transformers
Semiconductors (transistors, integrated circuits, computers, etc.) often are used in circuits that have about 5 volts of potential difference.  You cannot connect an integrated circuit or recharge a flashlight battery by connecting it directly to the 120 volt (rms) wall outlet.  There are two reasons for this.   1) The wall outlet is AC and DC is needed to recharge a battery or run a semiconductor, and 2) 120 volts would destroy a device that is designed to operate at 5 volts.

Transformers provide part of the solution to the problem stated above.  Transformers change the voltage (and current) from one circuit to another circuit.  We will not discuss the solution to the problem of AC vs. DC.  If this interests you do a search for DC power supply or rectifier.

The “brick” power supply for a computer or other small electronic device has a transformer and other electronic components to change the 120 volt AC power from the wall outlet to DC with a voltage of 5 volts, or 12 volts, etc.

How do transformers help to reduce the waste of energy in the distribution of electrical power in the USA from the power plant to the consumer?  The textbook has a nice drawing but does not specifically say why there is less power loss in the transmission lines when high voltage is used.  You should write an explanation for the reduction in power loss in more detail than just saying “less current” or “less line loss.”  Remember that power loss in a wire is related to the square of the value of the current in the wire.  P = I2R
You should be able to explain the meanings of “primary coil” and “secondary coil.”

Q3. How is a transformer constructed and how is electrical power transferred to the secondary coil?

VS = VP NS  /NP  

Q4.  Why do transformers not work with DC?


Almost all of the power in the primary coil is available to the secondary coil:  IP VP  about =  IS  VS
You should know the meaning of “step-up” and “step-down.”

Eddy currents in a transformer lead to electrical energy being lost due to heating of the iron of the transformer by the eddy currents.  How are eddy currents minimized in a transformer?        

23.8 Electrical Safety: Systems and Devices
You should read through this material.  You should know why a three-prong plug (and wiring) has safety advantages.

23.9 Inductance 23.10 RL Circuits  23.11 Reactance, Inductive and Capacitive
Inductors are coils of wire with perhaps an iron core to concentrate the magnetic field.  An inductor will store energy in its magnetic field and oppose changes in current in an AC circuit.   A circuit that contains an inductor has more resistance when the frequency of the AC increases.  

You should know why an inductor interacts with an AC signal.

23.12 RLC Series AC Circuits
When a resistor, capacitor, and inductor are placed in series they have an interesting behavior as the frequency of the AC changes.  Capacitors act as large resistors for low frequency currents.  Inductors act as large resistors for high frequency currents.  At some intermediate frequency the overall resistance of the RLC circuit is a minimum.  This can be used to let a certain frequency move through the circuit while blocking signals that have high or low frequency.  You should know why the RLC circuit has a minimum resistance at a certain frequency.

ANSWERS   ……………………..

Q1.  It is found in motors.  Motors are also generators while they are spinning.  Following Lenz’s Law, the induced EMF of the spinning motor opposes the applied voltage to the motor.

Q2.  If the bearings fail the motor stops rotating and the back EMF goes to 0.  This leads to a great increase in the current in the winding of the motor and an even greater increase in the power delivered to the windings of the motor (I2 R).  If you are every near a motor that stops spinning, for some reason other than the power being turned off, you should unplug that motor immediately.

Q3.  A transformer has a two coils of wire and an iron core.  The coils of wire are parts of separate electrical circuits.  AC electrical power in the primary coil produces a changing magnetic field in the iron. The changing magnetic field of the first coil is guided to the second coil by the iron.  The changing magnetic field in the second coil results in changing magnetic flux and thus an induced current in the second circuit.  The electrical power is transferred to the secondary coil by means of the magnetic field as long as the magnetic field is variable.

Q4.  DC (direct current) typically has a constant voltage and current.  If DC is applied to the primary coil a magnetic field will be established in the iron core of the transformer, but it will be a constant magnetic field.  Only a changing magnetic field can induce a current in the secondary coil.
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