Physics 212

Lecture 18

INDUCTION and RL CIRCUITS

Today’s Concepts:
A) Induction
B) RL Circuits

RL Circuit
f R
Vs ‘|’i R L
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Hour Exam 2 is April 2nd
Lectures 9-18




Your Comments

| think | understand the basics of how inductors work, but | don't understand the purpose.
If they just store energy like a capacitor, what is the advantage of inductors versus
capacitors?

| understand that it is difficult to teach a large lecture, but could you please control the
amount of talking that goes on in the lecture? | cannot focus on what you are teaching
when everyone sitting around me is having their own conversation. Thank You.

The similarities between these circuits and the RC circuits are easy to understand, but is
there another reason for the spike in the voltage across the inductor when the switch is
moved besides KVL? For instance, the voltage across the capacitors could be accounted for
by the charge on each one of them. Is there a similar explanation for an inductor?

Pretty new stuff pretty hard

This class introduces so many new concepts that I've never heard of. What is self-
inductance and why is it important?

With the exam coming up, | didn't concentrate much on this prelecture- we might need
some review when we get back from break...
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From the Prelecture: Self Inductance

Self-Inductance

(=

SI Unit

/—\Ii ncreases

H=T-m%A

Faraday's Law

. do,) _dr) _ ol
dt dt dt
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What this really means:

emfinduced across L tries to keep | constant.

Short Term Ibefore = Iafter
Long Term V| =0
A
- ~

B 11111

—
current |

Inductors prevent discontinuous current changes!

It’s like inertia!
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CheckPoint 2

Two solenoids are made with the same cross sectional area and total
number of turns. Inductor B is twice as long as inductor A

Ly = 10717 (‘I‘I‘I‘I‘I‘I‘)

1/2)? 2
(1/2) )

— — 1

LB 2 LA

Compare the inductance of the two solenoids '“;”m““ of Solenoids: Question 1 (N =762)
A) Ly=4L .
B)ILA:2 L ;; ? 239
C) LA — LB g 20 i 15.9
D) LA — (1/2) LB " 3.1
E) LA - (1/4) LB " A B C D ITl
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How to think about RL circuits Episode 1:

When no current is flowing initially:

't
| [ L
1 || R

VearT Vearr 0 ’

At t = 0: I, unchanged Att>>L/R v =0

||_ =0 V|_ =0

V=0 Vr = Vgarr

Vi = Vearr | =Vear/R

(L is like an open circuit) (L is like a wire)
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CheckPoint 2a

In the circuit, the switch has been
open for a long time, and the current
is zero everywhere.

At time t = 0 the switch is closed. —C0 O
T I/r

What is the current | through the vertical T

resistor immediately after the switch is

closed? R

(+ is in the direction of the arrow)

A) |l =VIR Before: I, =0 “
B)I=V/2R | i
C) =0 After: ||_ =0 E .
D) I=-V/2R 10
E) I = ~V/R =P | =+ V/2R 0

=0 {

RL Circuit: Question 1 (N = 761)

13.4

A B C D E
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RL Circuit (Long Time)

What is the current | through the vertical resistor after the switch has been

closed for a long time?

(+ is in the direction of the arrow)

A) 1=VIR
B) I = V/2R Cae
- R
D) I =-V/I2R .
E) 1=-VIR — 7 R
+ —
R /
VAVAYA
f v o KVR:
After a long time in any static circuit: V| = B
Vi +IR=0
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How to Think about RL Circuits Episode 2:

VBATT  When steady current is flowing initially: then switch is opened

At t = 0: I, unchanged

| = Vearr/R
Vg =IR
Vi =Vg
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CheckPoint 2b

After a long time, the switch is
opened, abruptly disconnecting the

battery from the circuit. 4/ O
What is the current | through the vertical .
resistor immediately after the switch is — L
opened?

R
(+is in the direction of the arrow) —V/\\

circuit when switch

A) I=VIR opened
B) I =V/2R
C)1=0 L
D) I =-V/2R
LE)I=-VIR| §l|L=V/R R
Current through inductor
cannot change
DISCONTINUQUSLY

% of Students

RL Circuit: Question 3 (N = 761)

30 7T

18.9

9.5

214
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Why is there Exponential Behavior?

Ld—I+IR:O ,
dt "

I(t) _ Ioe—tR/L _ Ioe—t/T

where 7 =—
R
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L

Time Constant 7 =——

2R

2R ¢
vy s

Lmax —

Prelecture:

Did we mess up?

No: The resistance is simply twice as big in one case.
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CheckPoint 3a

After long time at 0, moved to 1 After long time at 0, moved to 2
0
1 2
— — . L@
R
R
R
AN ——
Compare RL Circuits: Question 1 (N = 758)
After switch moved, which case has 60 -
larger time constant?
| A) Casel | g =p
B) Case 2 E
C) The same L L = s
T, =—— Ty =—_—_
2R 3R L1 )
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CheckPoint 3b

After long time at 0, moved to 1

Case 1

Immediately after switch moved,
in which case is the voltage
across the inductor larger?

A) Case 1
IB) Case2 |
C) The same

Before switch moved:

vV
R

After long time at 0, moved to 2

0
1 2
— : Izcol

R

A

Case 2

Compare RL Circuits: Question 3 (N = 755)

50

After swit\c/h moved: A
VL1 =—2R £ |
R E 204
V ) 10
R ° A B C
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CheckPoint 3c

After long time at 0, moved to 1 After long time at 0, moved to 2
0
1 2
R
R
R
After switch moved for finite time, in which case is Compare RL Circuits: Question 5 (N = 755)
the current through the inductor larger? 60
After awhile
A e g
) Casel |, =1le"'" ; Il
B) Case z 2 :
C) The same |, =let'" o
Tl > 2-2 0

Immediately after: Iy =1,
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The switch in the circuit shown has been L Ry R,
open for a long time. Att =0, the switch is
closed. V
p— L R,
What is dl, /dt, the time rate of change of
the current through the inductor —0/0

immediately after switch is closed

Conceptual Analysis

Once switch is closed, currents will flow through this 2-loop circuit.
KVR and KCR can be used to determine currents as a function of time.

Strategic Analysis
Determine currents immediately after switch is closed.

Determine voltage across inductor immediately after switch is closed.
Determine dl, /dt immediately after switch is closed.
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Calculation

The switch in the circuit shown has been
open for a long time. Att =0, the switch is
closed. V

What is |, the current in the inductor, immediately after the switch is closed?

A) 1, = VIR, up B) I,=VRydown | C)1,=0 |

INDUCTORS: Current cannot change discontinuously !

!

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

Immediately before switch is closed: || =0 since no battery in loop

Electricity & Magnetism Lecture 18, Slide 17



Calculation

The switch in the circuit shown has been L Ry R,
open for a long time. Att =0, the switch is
closed. V
p— L R,

What is the magnitude of |, the current in R,, immediately after the switch is closed?

V \% \ VR,R
A) ’ Rl B) 2 R, + R C) 2 R +R, + R, D) ’ R2 + R3
We know |, = 0 immediately after switch is closed R, | R,
}

Y \Y
Immediately after switch is closed, circuit e | =
looks like: Ri+R+Rs |

Ry
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Calculation

The switch in the circuit shown has been L Ry R, |,
open for a long time. At t =0, the switch is
closed. V
p— L R,

(t=0+)=0 L,(t=0+)=V/(R;+R,+Ry)

What is the magnitude of V , the voltage across the inductor, immediately after the switch
is closed?

A) V, =V

R,R, RoRs

R (R, +R;)

R,+R, |
R,+R,+Ry

B)V,=V C)V, =0 D)V, =V F)V, =V

Kirchhoff’s Voltage Law,
Vi- LR, =1L Rs=0 V_ =1,(R,+R,)

V, = v
R +R,+R;

(R, +R;)
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Calculation

The switch in the circuit shown has been Ry R,

open for a long time. Att =0, the switch is
closed. V

What is dl, /dt, the time rate of change of |
the current through the inductor

immediately after switch is closed V (t=0+) = V(Ry+ R)/(R+ R+ Ry)
dly _VR*R pgydl, o | ¢ di, _V R +R D)ﬂ:\i
d¢ L R dt dt LR +R,+R, dt L

The time rate of change of current through the inductor (dl, /dt) =V, /L
dl, \i R, + R,
dt LR +R,+R,
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Follow Up

The switch in the circuit shown has been closed
for a long time.

What is |,, the current through R, ?
(Positive values indicate current flows to the right)

Vv

V(R,R
A) l,=4+——— B)Il,=+ (R:R,)
R, +R, R +R,+R,

After a long time, dl/dt =0
Therefore, the voltage across L =0
Therefore the voltage across R, + R; =0

vV

| C)1,=0]  D)l=-

Therefore the current through R, + R; must be zero!
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Follow Up 2

The switch in the circuit shown has been closed fora
long time at which point, the switch is opened.
V
What is |,, the current through R, immediately after T L Rs
switch is opened ? /
(Positive values indicate current flows to the right)
V V V V
|, =+ I, =+— = l, =—— |, =—
A l=te—r7m Bl L=ty C)1,=0 | D) k=" | E)=-ppg

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

Immediately before switch is opened: |, =V/R;

Immediately after switch is opened: |, flows in right loop
Therefore, || = -V/R;
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