Electricity & Magnetism
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Today’s Concepts:

01 A) Oscillation Frequency 0

p=02a,
. . LN
\/ \/ C) Damping W ‘
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Confused — Confident

| am ...

A. Confused
B. Somewhat Confused
C. So-so

D. Somewhat Confident
E. Confident
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Your Comments

“All of this stuff, | wish we could go slower but | know we cant.”

TOO TRUE: Hang in there, we’ll do our best to work on the issues....

“Differential equations have taken over
my life. I'm not sure | approve.”

“There are a lot of formulas in this section”
“Please explain the meaning of cos(wt + x)”

“Why do capacitors start off with a charge
of zero when the switch is opened?
shouldn't they start off with charge? “

It all depends on how the circuit was started.
You have to determine the initial conditions
from the problem statement

Differential Equations Do Determine
Much Behaviour in Physics. We will
show corresponding equations in
mechanics today

Walking home from the mechanics final last
semester | though | was done with oscillatory
motion for life. Never have | been so wrong...

That’s right!

smartPhysics
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Some Practical Test Stuff

Practical Test is on Friday, July 5

>

>

>

\4

We will have 2 practise sessions: Friday and Next Wednesday
Covers DC Circuits and the Oscilloscope (LC or RC Circuit)

50 min each — We will divide class into two halves.

- (those who don’t have class after this should sign up for the later one.)
smartPhysics will continue Fri and Wed covering these topics theoretically
Practise exam is here:

You may also practise on circuits of your own (eg. LCR circuits and resonance)
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http://www.sfu.ca/phys/141/1121/PTestSample.pdf
http://www.sfu.ca/phys/141/1121/PTestSample.pdf

LC Circuit

“tank”

dt
+_ -
o 9
=+ L—=0
Circuit Equation: C ”
d 2 2
[=_Q_> d2Q=_Q — dQ=—002Q
dt dt LC dr’
where
1
N =—
LC
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Same thing if we notice that | Kk <= — | and | m <> L |
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Time Dependence

a1+

smartPhysics
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Wikipedia Animation

“LC Circuit”

smartPhysics


https://en.wikipedia.org/wiki/LC_circuit
https://en.wikipedia.org/wiki/LC_circuit
https://upload.wikimedia.org/wikipedia/commons/c/cb/Tuned_circuit_animation_500ms_labels.gif
https://upload.wikimedia.org/wikipedia/commons/c/cb/Tuned_circuit_animation_500ms_labels.gif
https://upload.wikimedia.org/wikipedia/commons/c/cb/Tuned_circuit_animation_500ms_labels.gif

At time 7 = 0 the capacitor is fully
charged with O and the current

max

through the circuit is 0. L C —

What is the potential difference across the inductor at 7 = 07?

A) V,=0

B) V,=0,./C since V, = V.

C) VL - Qmaa/zc

L]
o

>
o

The voltage across the capacitoris O, /C Kirchhoff's

Voltage Rule implies that must also be equal to the
voltage across the inductor

“ of Students
3

~
o

LC Circuit: Question 1 (N = 21)

714

a1
—1

A

C
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CheckPoint 4

At time 7 = 0 the capacitor is fully
charged with O and the current

max

through the circuit is 0. L C —

What is the potential difference across the inductor when the current is

maximum?
LC Circuit: Question 3 (N = 10)

80

|A) V,=0|
B) VL=Qmax/C
C) VL:QmaA/ZC

€0

o
o

% of Students
.-
o

~
(=]

dl/dt is zero when current is maximum A B c
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CheckPoint 6

At time 7 = 0 the capacitor is fully
charged with O and the current

max

through the circuit is 0. L C —

How much energy is stored in the capacitor when the

current is a maximum ?
LC Circuit: Question 3 (N = 21)

IA) U = Qmﬂvz/(zd 60 57.1
B) U= 0,/(40)
C) v= O :5 . 286
Total Energy is constant! Z
ULmax = 1/2 L]max2 o 143
_ 2
UCmax - Qmax 2C :

I = max when Q =0 ) ’ ‘
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CheckPoint 8

The capacitor is charged such that the L
top plate has a charge +(,, and the L=4x10°H
bottom plate -0, Attime =0 the i = 500 radis
switch is closed and the circuit L C —
oscillates with frequency w = 500
radians/s.
What is the value of the capacitor C?
LC Circuit 2: Question 1 (N = 10)
[A) C=1x107F | . n
B) C=2x103F -
C) C=4x103F gw
1 | 1 3 T .
®=Ic — - = 25x100)@x107) Y T

o
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CheckPoint 10

Q.-—

closed at t=0

+0,
L C ——
-0y 0 : M o%
0 (R) 0 (B) (

Which plot best represents the energy
in the inductor as a function of time 0 Y
starting just after the switch is closed? D)

(

(E)

U, = Lir
2

Energy proportional to /2 = C cannot be negative

Current is changing = U, is not constant

Initial current is zero

LC Circuit 2: Question 3 (N = 10)

60
S0

-~
o

% of Students
=4

~
L=

oy
o

o
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CheckPoint 12 F-
H
Q-— “Jf
When the energy stored in the closedat t=0
capacitor reaches its maximum +0,
again for the first time after 7 = 0, L C ——
how much charge is stored on the -
top plate of the capacitor?
04 =0, cos(ex+9) I '(')=‘—f,(7' = -0, sin(ex +¢)
().
A) +Q, ( ‘}\\ /
B) +Qo /2 \ / - ! \ LC Circuit 2: Question § (N = 10)
C) 0 “ ,,,'/ 4 </ by ol v 80
D) _QO/2 O, 8 -0 z *
I E) _Q() I : 340
O is maximum when current goes to zero * el _
JiY o e
dt- A E C 0 [ 3

Current goes to zero twice during one cycle
smartPhysics
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Add R: Damping

Just like L C circuit but the oscillations get smaller because of R

0(0)=0,¢ " cos(@'t +¢)

\/ o {
R
Damping Factor = —
p 2L

Oscillation Frequency o =0 -

Natural Frequency W =

JLC

Concept makes sense... ...but answer looks kind of complicated
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Physics Truth #1:

Even though the answer sometimes looks complicated...

O(?) = O, cos(wt - ¢)

the physics under the hood is still very simple!

sz ~
dt’

—u)zQ
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The elements of a circuit are very simple:

i

dt

i CLLILY

L
. -

V=V +V.+V, —

AV + \/ B I_d_Q
R dt

AW

This is all we need to know to solve for anything!
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A Different Approach

Start with some initial I /, O, V,

(15800 o
Now take a tiny time step dr (1 ms)

,
dl =—Ldt
= C L
dO = Idt

A C
W V. = % Repeat...

P
for (var t=0; c<tStep3Sec; t+=dr) {
1 4= Vind_lasc®dc/L; G ——

Qcap += 1%dt: < —
Vcap = Qcap/C: < I_ VR - [R
Vres = I*R1; < (

Vind_lasc = Vind;
Vind = Va - Vres

- Vcap: <«

—my\m&—

Electricity & Magnetism Lecture 19, Slide 16

smartPhysics



Calculation

The switch in the circuit shown has

been closed for a long time. At/ =0, |

the switch is opened. 1% |
E— L __C

What is O, ,, the maximum charge on R

the capacitor? — VWV

Conceptual Analysis
Once switch is opened, we have an LC circuit
Current will oscillate with natural frequency o,

Strategic Analysis
Determine initial current
Determine oscillation frequency o,

Find maximum charge on capacitor
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Calculation

The switch in the circuit shown has N
been closed for a long time. At7 =0, I
. . V
the switch is opened. 1 I —c
R
—\NVV

What is /,, the current in the inductor, immediately after the switch is opened?
Take positive direction as shown.

AT, <0 B) I, =0 ‘C)IL>O ‘

Current through inductor immediately after switch is opened
is the same as
the current through inductor immediately before switch is opened

before switch is opened:
all current goes through inductor in direction shown
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Calculation

The switch in the circuit shown has N 3
been closed for a long time. At7=0, % Iy I
the switch is opened. — L Ve=0Z——_C
N
—N\VNV
L(t=0+)>0

The energy stored in the capacitor immediately after the switch is opened is zero.
| A)TRUE |  B)FALSE

before switch is opened: after switch is opened:
dl,/dt~0=V,=0 V. cannot change abruptly
since they are in parallel

IMPORTANT: NOTE DIFFERENT CONSTRAINTS AFTER SWITCH OPENED
CURRENT through INDUCTOR cannot change abruptly
VOLTAGE across CAPACITOR cannot change abruptly
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T
—L L%

been closed for a long time. At7=0,
—\NVNV
Ve@=0+)=0

The switch in the circuit shown has

the switch is opened.
L(t=0+)>0

What is the direction of the current immediately after the switch is opened?
| B) counterclockwise |

A) clockwise

is the same as

Current through inductor immediately after switch is opened
the current through inductor immediately before switch is opened

Before switch is opened: Current moves down through L

After switch is opened: Current continues to move down through L
Electricity & Magnetism Lecture 19, Slide 20
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The switch in the circuit shown has
been closed for a long time. At7=0,
the switch is opened.

What is the magnitude of the current right after the switch is opened?

C V |L
_ [_. [ =— |2
A I =V 7 B) 1, 2\

—
O, =
R

Current through inductor immediately after switch is opened
is the same as
the current through inductor immediately before switch is opened

Before switch is opened: V

V=IR

smartPhysics
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The switch in the circuit shown has
been closed for a long time. At7=0,
the switch is opened.

Hint: Energy is conserved

Whatis O, .,
V — 1
A) Qmax = E LC B) Qmax = ECV
]max Qmax
L —_ T
When [ is max When O is max
(and Qs 0) (and Iig 0)
— l 2 U = l%
U= 2L] ¢

_ )i
, {'
—_ L __C
R
—A\\ v
L(t=0+4)=VIR Vq.(t=0+)=0

the maximum charge on the capacitor during the oscillations?

V
=CV =
C) Qmax D)Qmax R \/ﬁ
2
lez = l@
2 2 C

—

Op. = I LC =2 NIC

smartPhysics
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The switch in the circuit shown has N
been closed for a long time. At7 =0, I
. . V
the switch is opened. 1 I —c
Is it possible for the maximum voltage on the L_AANA, |
V —
Imax = V/R Qmax = E LC

capacitor to be greater than /7' ?

B) NO
£>R

|A) YES |
Ohnax = K‘V LC =p | = K £ ==p / _canbe greaterthan I IF:
R max R C max C

We can rewrite this condition in terms of the resonant frequency:
1
w,L>R OR ——>R
0,C

We will see these forms again when we study 4 C circuits!
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