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Induction/Inductors

Solenoids RL Circuit




Self-Inductance

Self-Inductance

D,

]

SI Unit

H = T-m?/A

Inductor Voltage

dl
=—L— |
& dt




Calculation of inductance:

Solenoid

Magnetic Field

B=,uonl

Magnetic Flux

O, =un’zrr’l

Self-Inductance

2 2
4 L=unzrr




New: RL circuits

Solenoids RL Circuit

L=>og/1



(Reasoning) RL Circuits 1

Closing Switch

£=0 !

Vi (O)=

V, (0) = [/ ) R
1, (O)=

[ —> O

Vi (OO)= [

V()=
1, (OO) - dI



(Reasoning) RL Circuits 1

Opening Switch

t=0 | [

Ve (O) =
Vi, (O)= |

1(0)=

[ — 00
V()=
V()=
1(=)= Vi = L—



RL Circuits:
Detalled Analysis

Closing Switch
£=0 !
V,(0)=0
v, (0)=, [, R

1,(0)=0

t — o0
Ve (©)=V, /
V. (0)=0

V,
Il(w)ng




RL Circults:
Detalled Analysis

l, R
L
Time Constant 7T — E Vi i L
-+
V. - R ~R¢
I L(O="t-¢ v V=t
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RL Circuits:
Detalled Analysis

Opening Switch
t=10 | . L
VR(O)= V,
Vl.(0)= =2V,

1(0):%

[ — o0
VR(°°)=0

Vi (°°)= 0
I(©)=0

%5

dl

dt



RL Circuits:




Where is the energy stored?

] Power 4




Where is the energy stored?

Solenoid

1

Magnetic Energy Density
B>

Up = ——
2 4,

Electric Energy Density
+q Parallel-Plate Capacitor

1
RN

|




RLC circuits
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| C Circuits




| C Circuits:
Detalled Analysis




A

0

| C Circuits:
Detalled Analysis

o+ 0()=0,,cos(@t+¢)

A /

0
—~Tax

W =

\/

LC

— (")Q,--.- -

I1(1)= dTQ =-wQ, sin(wt+¢)
al

[\

Vi



LR Circuit

/
/ Inductor Energy

i
B

| C Circuits:
Energy conservation

-
U,=—LI
2

Capacitor Energy
1 O’
U.=—
2 C

Oscillating Block

Kinetic Energy

]
— K=—my’ 7
2 - .s‘prin?,:
Spring Potential Energy I—Q’Z 2 :2 :uw—i \
| R ;
U. b — kx equilibrium
spring 2



| RC Circuits

KVR 7
O, p% 199 /
C dt dt~
Solution
O(t)=Ae ™" cos(w't + )

.3

Damping Factor ,B =
2L

S— r2 2
Oscillation Frequency @~ = @, —,[)’

Natural Frequency @ =——

0 ’LC



