Physics 102: Lecture 11
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Survey Results
» Course Quality = Very Good

» Review: Over 80% prefer video
» Keep: Interactions/Demos/Jokes
* Improve: More/Harder examples. More

clicker time

Ch 20 Problems 1,3,13,21,31,37
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Review: Magnetic Flux & Induction

, B Flux: O=BA COS((I))

¢ is angle between and

)_T A
”Jﬁ [ Induced volta P
naucea vo e: E = ———=—
: At Tt -t

3 things can change @:

| ast 1. Areaof loop
lecture - Magnetic field B
Today 3. Angle ¢ between normal and B
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Lenz’s Law

Induced emf opposes change Iin flux
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XX XXXXxxxxxxxxxx ° Iffluxincreases:
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New EMF makes new field

. original field
XXX X[X X By (X
R  |f flux decreases:
XX X XWX X X A X .
anl New EMF makes new field
XX X X XN{XXXXXE XXX X original
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Generators and EMF ﬁ

A loop of wire Is rotated (ex: by a steam engine turbine)
In a uniform B field

- / AN :
%/\” = AN —
R , B Q\ - B

D 77N 0 LN :
N
® =B A cos(d)

Loop normal rotates relative to B field
=> ¢ changes => ® changes => emf in loop
=> voltage generated!
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Review (Phys 101): Rotation

Variablesv, o, f, T
Velocity (v):
— How fast a point moves. &
— Units: usually m/s v

Angular Frequency (o): \ /

— How fast something rotates.
— Units: radians / sec w=V/r

Frequency ( f):

— How fast something rotates.
— Units: rotations / sec = Hz
Period (T):

— How much time one full rotation takes.
— Units: usually seconds
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Generator: flux

t=0, ® = AB (max)
t>0,o<AB
t=T/I4,0=0
t>T/I4,0<0

t=T/2, ® =-AB (min)

AB 1 @ :
Answers to Checkpoints
t 1.1-1.3 follow...

~AB +
® =B A cos(¢) = B A cos(mt)
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Generator: EMF

AD t=0,d ~const,c=0
€T TAr t>0,0.,e>0
t=T/4, D |, c (max)
t>T/I4,0.1,e>0
t=T/2, ® ~const,c=0
AB + @ ©AB- ©
= : | : :
—-AB +— T —-oAB- U

o = B A cos(mt) ¢ = o B Asin(mt)
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Comparison:
Flux vs. EMF

Flux Is maximum
$— — Most lines thru loop
EMF I1s minimum
— Just before: lines enter from left

> — Just after: lines enter from left
> — No change!

\ 4

\ 4

\ 4

\ 4

Flux 1S minimum
. — Zero lines thru loop
EMF IS maximum

— Just before: lines enter from top.
> — Just after: lines enter from bottom.
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& ACT: Generators and EMF

e = o ABsin(¢)
VN
. . g - #
Ne /71—

. o ol '

At which time does the loop have the greatest emf
(greatest A®/ At)?

A) Has greatest flux, but ) =0so ¢=0.
B) Intermediate flux, ¢ ~ 30 so ¢ ~ ®AB/2.
C) Flux is zero, but ¢ =90 so ¢ = wAB.

Physics 102: Lecture 11, Slide 10



&  ACT: EMF direction

In which direction does the current flow in wire a-b (wire

closest to you) at the moment shown?

Side view
. a

R / ”
i — /A\‘z —B
N

B) EMF =0 <C)D

® decreasing => B,, along external B => current CCW (RHR2)
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Generators and Torque

e = o ABsIn(d)

Voltage! -
Connect loop to resistance R use I=V/R: Q‘& v
imABSiﬂ((I))/R/ ' 1N —:B

N .
Recall:
t=AB Isin(¢)

= ® A2 B?sin?(¢)/R Direction: use RHR1

Torque, due to current and B field, tries to slow spinning loop down.
Must supply external torque to keep it spinning at constant ®
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m@ﬂ]ﬂﬂ Generator ﬁ

A generator consists of a square coil of wire with 40 turns, each side
Is 0.2 meters long, and it is spinning with angular velocity o = 2.5
radians/second in a uniform magnetic field B=0.15 T. Calculate the
maximum EMF and torque if the resistive load is 4Q.

e =NA B o sin(¢)
= (40) (0.2)2 (0.15) (2.5)
= 0.6 Volts

®

N

7= NI A B sin(¢)

= N2w A2 B2 sin?(¢)/R Note: Emf is
= (40)2 (2.5) (0.2)* (0.15)%/4 maximum at ¢=90
= 0.036 Newton-meters Note: Torque is

maximum at ¢=90
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In a hydropower plant, that torque is
supplied by falling water.

The power plant delivers
AC (a|ternating current) Inside a Hydropower Plant
power to your house: the o
voltage and current switch e
directions at ~60 Hz (more |
next lecture). At your
house: 120 V.

There is a big challenge
getting electric current to

Outflow

your house: P p— IZR ! e P ©2001 HowStuffWorks
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Power Transmission,
CheckPoint 2.1

A generator produces 1.2 Giga watts of power, which it transmits to a town

much power is lost in the lines if the energy is transmitted at 120 Volts?

m[a 7 miles away through power lines with a total resistance 0.01 ohms. How

P=IV

Power delivered by generator through lines

I1=P/V =1.2x10°W/120 V = 10,000,000 Amps in lines!

P=IR

Power lost in lines

=10,000,0002 (.01) = 1.0 Giga Watt Lost in Lines!

Large currentis the problem. Since P=lV, use high
voltage and low current to deliver power.

If V=12,000 Volts, lose 0.0001 Giga Watts!
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Transformers make it possible to distribute
electrical power at high voltage and “step-down”
to low voltage at your house.

High voltage Transmission
transmission lines

Power substation

substation . Power plant

., Transformer drum

240/120V

Wi High current
'O
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Transformers

« Key to Modern electrical system

 Transform between high and low
voltages

» Very efficient

Nikola Tesla
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Transformers

Key to efficient power distribution
Changing current in “primary”’

creates changing flux in primary iron
ST I
|74 N AD \V} ) E \V;
p — T Np T € p
At Same A®/At @ l |
~__N AD | :

S SAt

(primary) (secondary)

(AN N, > N,:V, >V, “step up”

o Np Ng; < N,:V, <V, “step down”

Energy conservation! |V, =1V, T
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CheckPoint 3.1

The good news Is you are going on a trip to France. The
IS that in France the outlets have 240 volts. You
remember from P102 that you need a transformer, so you
wrap 100 turns around the primary. How many turns
should you wrap around the secondary if you need 120

volts out to run your hair dryer? Iron
2)100  3)200 |
45% 20%  26% | = |
V. N, : @ Vo dlP qTb Vs
VN, l 2

|4 120
Ns:Np V =100(m)=50
p

By halving the number of turns around the secondary you (primary)  (secondary)
decrease the voltage in the secondary by half.
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, ACT: Transformers

Iron

Transformers depend on a
change in flux so they only
work for alternating —
currents!

A 12 Volt battery Is connected to a
transformer transformer that has a 100
turn primary coil, and 200 turn (primary)  (secondary)
secondary coil. What is the voltage
across the secondary after the battery has
been connected for a long time?

B)V.=6 C)V,=12 D)V,=24
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Questions to Think About

« In atransformer the side with the most turns always has the larger peak
voltage. (T/F)
True

« In atransformer the side with the most turns always has the larger peak

t. (T/IF
current. (T/F) False (has smaller current)

« Ina transformer the side with the most turns always dissipates the most power.
(T/F)
False (equal)
« Which of the following changes will increase the peak voltage delivered by a
generator
— Increase the speed it is spinning.

— Increase the area of the loop. All of them will!

— Increase the strength of the magnetic field.
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