Electricity & Magnetism

Lecture 18

INDUCTION and RL CIRCUITS
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Today’s Concepts:

A) Induction
B) RL Circuits

Solencid




Stuff you said..

Will there be more lab activities involving oscilloscopes?
Unlike lab activities involving magnets, the
oscilloscopes are foreign, new, and curiously

interesting to play/learn with due to the above?
http://www.sfu.ca/phys/141/1134/Schedule141.pdf

What are the exact differences between the Capacitor
and Inductor. In which situation would | use the
Capacitor instead of the Inductor or vice versa?

Capacitors are yin — Inductors are yang
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http://www.sfu.ca/phys/141/1134/Schedule141.pdf
http://www.sfu.ca/phys/141/1134/Schedule141.pdf

16
14
12
10

Number of Students
[e4]

o N s o

Time Spent Viewing Prelecture (N = 21)

14

0

1

[ T]

| | I

0 0 0 0 0 0

0-5

5-10

10-15

15-20 20-25 25-30

30-35
Minutes

35-40 40-45 4550 50-55 55-60 More

smartPhysics




From the Prelecture: Self Inductance

Self-lnductance

/\Iincreases

£=_ - d(Lr) _ i)

dt dt dt

Wrap a wire into a coil to make an “inductor”...

. N J
€=-Ld
d
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What this really means:

emfinduced across L tries to keep / constant.

g, =-LAal
LT

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 5 is twice as long as inductor 4

(R0
A B

2__ 2
Ly, =uwnmrz

P

(122 2

—> L, =3L,

Inductance of Solenoids: Question 1 (N = 18)
Compare the inductance of the two solenoids "
A) L,=4L, L
B) L,=21L, 3.
C) L, =L, 2 §
D) L,=(1/2) Ly s s
E) Ly=(1/4) L o —,
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How to think about RL circuits Episode 1:

When no current is flowing initially:

(L is like a giant resistor)

=T

BATT

Att>>L/R:

V,=0
VR = VBATT
[= VBATT/R

(L is like a short circuit)

smartPhysics
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CheckPoint 4

In the circuit, the switch has been 5
open for a long time, and the current
is zero everywhere.
At time ¢ = 0 the switch is closed. o O

i 4 I R
What is the current | through the vertical T
resistor immediately after the switch is 7
closed? R 1, =0
(+ is in the direction of the arrow)

RL Circuit: Question 1 (N = 17)

B [= V/2R gm
C)I=0 |
D)I=-V/2R 'o -
E) ] — _V/R A 8 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)I=VIR

R (—O
C)I=0
D) T==ThR — R
E)I=—V/R — L
R I
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How to Think about RL Circuits Episode 2:

VBA 1T

When steady current is flowing initially:

s\

I=V/R

Att=0:
[= VBATT/R

VR = IR
VL = VR

v,
I=0
L R
0 t
t
Att>>L/R:
=0
V, =0
Ve=0

smartPhysics
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CheckPoint 6

After a long time, the switch is
opened, abruptly disconnecting the / J
battery from the circuit. O
What is the current | through the vertical _1
resistor immediately after the switch is —_ ‘ E R
opened?
R /
(+ is in the direction of the arrow) —\A\
A) I=VIR RL Circuit: Question 3 (N = 17)
B)I=V/2R 40 T
C)I=0 ada

w
o

D) I=—V/2R

17.6 12.6

% of Students
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-
o

o
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Why is there Exponential Behavior?

Lﬂ+IR=O
dt

](Z_) _ ]Oe—tR/L _ ]Oe—t/‘c

L

where T =—
R
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L

TimeConstant 7 =—

kY
vt D=2 %

!
o

Lecture:
Prelecture:

Did we mess up?

No: The resistance is simply twice as big in one case.
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CheckPoint 8

After long time at 0, moved to 1 After long time at 0, moved to 2 5
0 0
1 2 1 2
T R Il(t>l - - Iz(t)l

R R

R R

R R
M— m——
Case 1 Case 2

After switch moved, which case has

arger time constant?
[\

C) The same
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CheckPoint 10 F-

After long time at 0, moved to 2

After long time at 0, moved to 1

0 0
| 1 2 i 2
T R Il(t)l - . Iz(t)l
R R
R R
R

R

AW—

Case 2

ww—

Case 1

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

R lo is V/IR in both cases

@ A) VL(0) = 1*2R

% _ %

S B) VL(0) = 10*3R
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CheckPoint 12

-
After long time at 0, moved to 1 After long time at 0, moved to 2 _-:
0 0
1 2 1 2
T R I,(t)l - - Iz(t)l
R R
R R
R v, R
] ww—-
Case 1 Case 2

After switch moved for finite

time, in which case is the L
current through the inductor T =—
— A) 11 = L/I2R
C) The same B) ©2=L/3R T1
T2
0 t
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Calculation

R
The switch in the circuit shown has been Y Ry
open for a long time. At =0, the switch is
v
closed. 1 I R,
What is d/,/dt, the time rate of change of -/

the current through the inductor
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 d/,/dt immediately after switch is closed.

smartPhysics
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Calculation

'g

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

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

A) 1, = VIR, up B) 1, = VIR, down
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Calculation

e - R, R
The switch in the circuit shown has been - 2 .
open for a long time. At/ =0, the switch is
v
closed. 1 7 X
3
[,(t=0+)=0

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

R
The switch in the circuit shown has been L ! R, I, J
open for a long time. At/ =0, the switch is
closed. V
E— L R3

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

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

AV, =V

Ry R, R, R,

R(R, +R;)

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

1
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Calculation

=
=
\]
S

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

What is d/,/dt, the time rate of change of |

the current through the inductor
immediately after switch is closed Vi(t=0+) = V(Ry+ Ry)/(R + Ry+ Ry)

aly, VR +R,

d[L _ V' R, +R,
) dt L R dt

dt LR +R +R,

smartPhyflCS Electricity & Magnetism Lecture 18, Slide 19



Follow Up

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

What is /,, the current through &, ?

(Positive values indicate current flows to the right)
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Follow Up 2

. . . . Rl R2 12
The switch in the circuit shown has been closed fora
long time at which point, the switch is opened. v
. . . — L R,
What is /,, the current through R, immediately after
switch is opened ? / |

(Positive values indicate current flows to the right)

V V V
A)12=+R1+R2+R3 B) 12=‘|‘F1 C)[2=O a' 1

I

I
=
+
G
+
e
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