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# 31: Keeping track of currents.

#32: Exponential decay of RC Circuit

Exam 1 Returned
Monday, October 1, 2018 2:00 PM
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#22:  Cut dimensions of a wire in half (length 
and radius), what happens to resistance?

#12: Electric field points from A toward B.
How are the potentials at A and B related?
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Sources are currents and moving charges.•

Forces on currents and moving charges.○

Torques on current loops.○

Induced voltages.○

Effects of magnetism are:•

Direction of magnetic fields are weird.•

Magnetic Fields are similar to Electric Fields.

Describing directions in 3-D

Magnetism Intro
Monday, October 1, 2018 2:51 PM
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Virtual "wind" of magnetic flux.•
Always circulate - no origin or destination.•

Charged particles get deflected.  (Force)○

Compass needles point with field.  (Torque)○

Generate electricity.  (Induced voltage)○

Form electromagnetic waves.○

How do we know magnetic fields exist?•

Magnetic fields (      ) are measured in teslas (T).

Moving charges - Electric current or spinning charges.•
Fluctuating electric fields•

What creates magnetic fields?

Earth's Magnetic Field

Away from the poles, B points North.•
At the poles, B points inward or 
outward.

•

Magnetic Fields and Sources
Wednesday, October 3, 2018 1:56 PM
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The "North" end is the end that has 
magnetic field pointing "outward" 
from the magnetic object.

Which part of Earth has the magnetic field 
pointing outward?  (South)
So Earth is an "upside-down" magnet.

Bar Magnet - aka Permanent Magnet
Wednesday, October 3, 2018 2:20 PM
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Thumb along current•
Wrap fingers around current; they show B•

Direction of magnetic field:  right-hand rule (RHR)

Magnetic field of two nearby wires?

Magnetic field of a wire
Wednesday, October 3, 2018 2:34 PM
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Magnetic field of two nearby wires?

The magnetic field between them is amplified.•
The magnetic field outside them is reduced.•

When two nearby currents flow in opposite directions:

In this example, both wires are "sources" and we're looking at the 
magnetism that would be felt by another wire or compass in the 
vicinity.
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Curl fingers with the current.•
Thumb shows B inside the coil.•

Right-hand rule for a coil:

Solenoid Coil - A coil where the loops are in 
front of each other.

Magnetic Coils
Wednesday, October 3, 2018 2:58 PM
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Magnetic Force on a Moving Charge

Direction of F_B comes from the right-hand rule.

Result:  B must point to the left, which is -x.

An electron has a speed of 3e6 m/s, at an angle 
of 45 degrees between the x- and y-axes.
The magnetic field is 0.4 T in the x-direction.

Option 1:  Reverse the force.•
Option 2:  Switch hands and use left hand for negative q.•

Since the charge is negative, we must reverse something.

Magnetic Effects
Monday, October 8, 2018 1:56 PM
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Example:  Earth's magnetic field is 0.00005 T pointing north.
In what direction could a proton fly so that it doesn't "fall" due to gravity?

How fast should it go?
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Can the electric and magnetic forces cancel?
Yes, if the 3 vectors (E, B, and v) are oriented the right ways.

What if v is too fast?  F_B is stronger, beam 
bends leftward.

•

What if v is too slow?  F_B is weaker, beam 
bends rightward.

•

The particles with just the right v will go 
straight through.  They have been selected.

•

Velocity Selector
Monday, October 8, 2018 2:37 PM
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Beam of particles enters a magnetic field.

Mass Spectrometer
Monday, October 8, 2018 2:45 PM
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Force between two currents.
This "between" is the force that the currents exert on each other.

Force on a current
Monday, October 8, 2018 2:51 PM
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This will cause zero net torque, because each force is lined 
up with the center of the square loop.  The loop is in 
equilibrium and will not spin on the axle.

What if the loop is turned slightly from its given 
orientation?

The tilted loop feels a torque trying to restore it 
to its preferred orientation.

Torque on a loop
Monday, October 8, 2018 3:04 PM
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The combination of forces exerts a torque on the loop.

Technically, that's the magnetic flux when the 
coil is oriented so that it "catches" the most flux.

The torque on the coil tries to turn the coil so that the magnetic flux gets bigger.

Motor Coil - Easier drawing
Wednesday, October 10, 2018 1:58 PM
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Under the right conditions, magnetic fields can generate 
electric fields, and therefore electric voltages.

Motional EMF•
Transformers•

What are those conditions?

When the + and - charges generate the right amount of electric field, they'll stop gathering.
At what point does this happen?

Does Earth's magnetic field generate significant 
voltage?

Build a coil.  Spin it in the magnetic field.•
Use a stronger magnetic field.•

This isn't much.  To generate voltage 
effectively, we need to do 2 things:

Electromagnetic induction
Wednesday, October 10, 2018 2:18 PM
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Build a coil.  Spin it in the magnetic field.•
Use a stronger magnetic field.•

effectively, we need to do 2 things:

Generator:   Motion creates voltage (which pushes current)
Motor:  Current creates torque (which pushes motion)

Since motors and generators are basically the same thing, they have side effects of 
acting like the other thing.
Generator torque:  When the voltage is used to power a device, current flows.  
This current makes the generator produce torque that opposes your motion.  The 
more you use a generator, the harder it is to turn the crank.

Motor EMF:  We apply a voltage, which makes current flow by Ohm's Law.
The current produces torque.  Eventually the motor spins.  The spinning generates 
EMF in the motor.  The EMF is called "back EMF" because it opposes our 
current.  That means that the spinning motor uses less current.  A "freewheeling" 
motor doesn't use much current.  A "loaded" motor slows down, has less back 
EMF, and ends up using more current.
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Magnetic Flux:

Faraday's Law:  EMF is generated whenever the flux changes.

The induced EMF tries to push current (induced current) so that the induced 
current creates a magnetic field which opposes the change in flux.

•
Lenz's Law:  Tells us the direction of the induced voltage.

Figure out the direction of the existing magnetic field.•

If it's increasing, our induced magnetic field should be opposite to the 
original magnetic field.

○

If the flux is decreasing, our induced magnetic field should be the same 
direction as the original magnetic field.

○

Determine if the flux is increasing or decreasing in magnitude.•

The EMF and current tries to create this "induced magnetic field".•

How do we use Lenz's Law?

Faraday's Law
Wednesday, October 10, 2018 2:48 PM
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Drive current (I) and coil creates magnetic field (B).•
Drive current (I) with external B, and torque is created.•
Drive rotation (ω) with external B, and voltage is generated.•

We looked at three effects of magnetic coils so far:

Faraday's Law consolidates many ways of generating voltage.

Magnetic flux is like the overall amount of magnetism passing through a coil.

In this formula, B can be created externally, or it can be due to the coil itself.

Inductance is the value of all of the geometric properties of the coil.

Typical values range anywhere from 
microhenries to full henries.

How does Faraday's Law interact with this 
formula for inductance?

Inductors and Inductance
Monday, October 15, 2018 1:55 PM
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formula for inductance?

With constant current, it's "happy" and does nothing.  It allows the current to flow.•
With an increasing current, it reacts by generating an opposing voltage.  It tries to keep 
the current constant.  It won't succeed.  The current can actually increase.

•

When current is already flowing, if you try to disconnect the inductor, it will violently 
oppose the sudden drop in current.  It generates a huge voltage to try to keep the current 
flowing.  This is an "inductive kick".

•

While the inductor has current flowing, it stores energy.•

An inductor generates voltage out of changes in current.

Compare to capacitor energy:
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In the USA, we use the same AC voltage in 
every household electrical outlet.

This is not how it's usually described.

RMS is the "effective" voltage.  An RMS 
voltage is roughly equivalent to the same DC 
voltage, with the same resistor.  The resistor 
will use the same power, on average.

•
What's the difference between max and RMS?

Resistors in AC Circuits

What is the power used by a resistor?

Generators naturally generate AC Voltage
Monday, October 15, 2018 2:30 PM
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The voltage that goes along with RMS current is:
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Resistors cause an opposing voltage based on current.

Inductors cause an opposing voltage based on changes 
in current.  

To deal with this in AC, we need to know how quickly 
the current changes.

This looks like Ohm's Law, but I isn't multiplied 
by a constant.  The way the inductor reacts to  
AC depends on the frequency.

At high-frequencies, inductors have _________ reactance.  This 
makes the path more difficult for current to flow.

Even though reactance is like resistance, they're not quite the same.

Impedance (Z) is the combination of resistance 
and reactance in an AC circuit.

Inductors don't use power (on average).  They 
take and give back the same amount of energy.

Inductors in AC Circuits
Monday, October 15, 2018 2:51 PM
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Reminder:  Exam 2 is coming up.  Wed 10/31.

An AC current could be written as:

Resistor in AC:

Inductors in AC:

* A real inductor has resistance that does use power.  The inductance doesn't.

Lec 16 - AC and Capacitors
Wednesday, October 17, 2018 1:59 PM
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The voltage looks like a sinewave, but it's delayed by 1/4 cycle.  
It's said that "voltage lags current in a capacitor".

Application:  Satellite TV Antenna System

Ex:  We used a       capacitor in lab this week.
What would happen if we plugged it into a wall?

Capacitors in AC
Wednesday, October 17, 2018 2:24 PM
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Ex:  We used a       capacitor in lab this week.
What would happen if we plugged it into a wall?

That doesn't seem like a huge amount of current.
That by itself wouldn't fry the capacitor.
Tantalum breaks down at 625 V/micro-m.
Our capacitors were rated at 25 V.

The tantalum layer is only about 40-100 molecules thick.
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Series circuit:  Same current in everything.•
Series circuit:  Voltages add.•

What happens when we combine these in a circuit?

Series circuit:  Impedances add with a Pythagorean theorem.•

The resistor voltage adds to the difference between the inductor and 
capacitor voltages, but using the Pythagorean theorem.

Series AC Circuit
Monday, October 22, 2018 1:56 PM
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Now we can go back and find out more about the resistor.

Note that this is NOT the overall voltage * current.

What is the voltage across the inductor?

Note that the capacitor voltage is more than the 
power supply voltage!!!

Ex:  Series RLC Circuit
Monday, October 22, 2018 2:21 PM
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power supply voltage!!!
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HW4-4, Magnetic Flux
Monday, October 22, 2018 2:41 PM
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Because they can cancel.

Then:

It's sort of like the inductor and capacitor aren't there.
So how can this happen?

For a particular L and C, this is called the resonant frequency.

What is the resonant frequency for the previous example?

In the previous example, we were operating at 80 Hz.
Since we were operating below resonance, the capacitor was 
"stronger".

If we could operate at resonance, still with 

Resonance
Monday, October 22, 2018 2:48 PM
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The parallel RLC circuit is similar, but the math is harder.
The net result is that the current graph is inverted from the series RLC 
circuit.

   Lec 17 - Series AC Circuit Page 34    



A transformer is basically two coils that are intertwined.
They "share" the same magnetic field and magnetic flux.

It increases the magnetism inside the coils.
"Relative permeability" is a factor by which 
the magnetic field is increased.  (~ 1000)

•

It directs the magnetic field around in a loop, 
so that the amount of flux is the same 
everywhere.

•

The iron core serves two purposes:

In the primary side (attached to the power source), the voltage 
limits the amount of current that flows.  It is equal to the power 
source's voltage because they are in parallel.

•

On the secondary side (attached to the load), the voltage acts as a 
power source for the load.

•

It would be tough to calculate the voltages and currents, except 
that we know the core makes the per-loop flux the same on both 
sides.

•

We care about the flux because changing flux makes voltage.

So the voltage ratio is the same as the turns ratio.

Lec 18 - Transformers
Wednesday, October 24, 2018 1:58 PM
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An ideal transformer is very efficient.•
What about the currents?

Ex:  Transformer for a cell phone charger

If the phone draws 1.5 A, how much is drawn 
from the wall outlet?
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In this case, the transformer primary acts like an inductor with resistance.

Sqrt(2.5^2 + 1130^2) = 1130.002765483342 

This draws some current from the wall.

How do we calculate the wasted (vampire) power?

How expensive is this, assuming we only get charged for this power?

Building a 3.0 H transformer takes lots of material.

Yes, but the frequency (f) must be higher.•
Modern cell phone chargers start by oscillating at a very high 
frequency.  This allows a tiny transformer that is still efficient.

•

Could we get away with a 30 mH transformer coil instead?

Vampire Power
Wednesday, October 24, 2018 2:34 PM
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Help with HW4-5
Wednesday, October 24, 2018 2:51 PM
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Right-hand Rule Review
Wednesday, October 24, 2018 3:05 PM
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Lec 19 - Review
Monday, October 29, 2018 10:26 AM
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Current is pointing East, what B will levitate?

Ex:  Levitating a wire
Monday, October 29, 2018 2:15 PM
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At resonance, X is zero, Z is minimized, and current (I) is maximized.
So the answer is:  The current will increase.

AC Circuit
Monday, October 29, 2018 2:25 PM

   Lec 19 - Review Page 43    



A cell phone uses 100 mA at 5 V DC.  How much does it cost 
to operate a phone continuously for a month?

Cost of energy
Monday, October 29, 2018 2:34 PM
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Monday, October 29, 2018 2:43 PM
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Series RLC
Monday, October 29, 2018 2:59 PM
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