PHYS 241-1

Notes for Test 5

Chapter 30 Induction and Inductance

Read the Review and Summary at the end of the chapter.

Know the definition of magnetic flux, Equation 30-1.


Know Faraday's law of induction, Equations 30-4 and 30-5.


Be able to state Lenz's law:


An induced current has a direction such that the magnetic field due to the current opposes the change in the magnetic flux that induces the current. The induced emf has the same direction as the induced current.


Know that a changing magnetic field produces an electric field in accordance with Faraday's law as written in Equation 30-20 (this is one of Maxwell's Equations).


Know the definition of inductance, Equation 30-28 and the definition of its unit, the henry.


Know what self induction is and the formula for the self-induced emf in a coil, Equation 30-35:

E L= - Ldi/dt
(Note that the minus sign is an expression of Lenz's law.)

RL Circuits


Know how to use Kirchhoff's loop rule and Equation 30-35 to write the differential equation for the current in an RL circuit.


Know how to derive Equation 30-41 for the rise of current in an RL circuit.


Know how to derive Equation 30-45 for the decay of current in an RL circuit.


Know equation 30-49 for the magnetic energy UB stored in the magnetic field of an inductor:
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where L is the inductance of the inductor and i the current passing through it. (Note the similarity with the equation for the electric energy stored in the electric field of a capacitor:
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Continued on the other side

Chapter 31 Electromagnetic Oscillations and Alternating Current

Read the Review and Summary at the end of the chapter.
 
In a resistanceless and undriven oscillating LC circuit you should know that at each instant the energy stored in the capacitor is UE = q2/2C and the energy stored in the inductor is UL = Li2/2. UE + UL is a constant.


You should know how to use the loop rule to derive Eq. 31-11. You should know that the solution of this equation is given by Eq. 31-12:

q = Qcos(t + )

where 
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. Given initial conditions you should know how to find the phase constant .


Also know how to find the current i as a function of time. You should also know that if V is the voltage across the capacitor then q = CV.


In an undriven RLC circuit you should know how to use the loop rule to derive Eq. 31-24. (It is not necessary to remember the mathematical form of the solution, but you should know what its graph looks like if  > R/2L. You should know that this is called damped oscillation.)


You should know that for forced oscillations (where the driving voltage is given by Emsin((dt)electrical resonance occurs when 
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You should know that a driven RLC circuit (where the voltage is given by Emsin((dt) has both a transient and a steady-state response. The form of the steady-state current is

i = Isin(t - )


You should know the formulas for inductive reactance : XL = L and capacitive reactance : XC = 1/C.

You should know that the voltage and current amplitudes are related by V = IZ where, for a series RLC circuit,
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and that the phase constant is given by
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You should know that for a purely inductive load, the voltage leads the current by 90º, that for a purely capacitive load the voltage lags the current by 90º and that for a resistive load the current and voltage are in phase. You should know how to represent these facts in a phasor diagram. You should be able to use such a diagram to derive the formulas for Z and tan( given above.

Continued on the next page


You should know how to find rms (root-mean-square) values of current and voltage:

Irms = 0.707I;  Vrms = 0.707V
where I and V are the current and voltage amplitudes, respectively.


You should know that the average power dissipated by the resistor in an RLC series circuit is given by

Pav = Irms2R = VrmsIrmscos

where cos is called the power factor of the circuit.


Know the basic principles of operation of a transformer. Know what is meant by the primary winding and the secondary winding. Know that 
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