
LECTURE 22 questions



Q1 a) IF THE CURRENT
-

THROUGH AN INDUCTOR

is INCREASING @ A RATE

OF 1mA AND THE INDUCTOR
- )

Ms
HAS AN INDUCTANCE L = 500mA ,
WHAT is THE VOLTAGE ACROSS

THE INDUCTOR ? Vt V
-

•-Joy-or

→

DI

Jt

b) Below is THE plot of THE
CURRENT I (t)

THRU AN INDUCTOR VS . Time
.

PLOT THE VOLTAGE ACROSS THE INDUCTOR

ON THE SAME GRAPH :

€¥÷÷:{
at
'

time



c) poor Vct)
:

FILE)

⇐
d) EXPLAIN How part (c) DEMONSTRATES

THE PRINCIPLE ,
"

IN STEADY STATE
AN

INDUCTOR ACTS LIKE A SHORT - circuit !

e) IS THIS PRINCIPLE CONSISTENT

W/ WHAT you KNOW INDUCTORS TO

BE MADE of ?
-

BONUS : f) Two INDUCTORS OF EQUAL
INDUCTANCE ARE DRIVEN w/
A.C . CURRENTS of EQUAL AMPLITUDES
But DIFFERENT FREQUENCIES f , Efz .

• WHICH HAS THE LARGER INDUCED

VOLTAGE ?



QI SERIES RL series circuit

REFER TO THE RESULT WORKED

OUT FOR THE CURRENT IN THE

RL SERIES circuit :

% - - - - - .- - - - -

i' "e:b
.

I -_ o @ o T = 4,2 t
t = O

a) USE OHM 's LAW To five :

• VR C t=o

• VR as f → no

b) USE K.V. L .
To FIND

• V
, @ t=o

*
* . VL as C-→ A

*

Is THIS CONSISTENT W/ THE PRINCIPLE ,
STATED IN QI , THAT,

"

IN STEADY
- STATE AN INDUCTOR

ACTS LIKE A SHORT circuit .
"

*
COMPARE THIS W/ THE PREDICTION FROM THE

DEFINING RELATIONSHIP FOR AN INDUCTOR : ✓=L}



£3 ) DISCHARGING THE RL CIRCUIT

• @ Time t =0 , Suppose
AN INDUCTOR IN AN INDUCTOR t RESISTOR

COMBO CARRIES A CURRENT Io ,

AS SHOWN Below
't
:

R
in-

Lott et -- o
- -

Io

• LET 'S WORK out How THE INDUCTOR

CURRENT CHANGES AS TIME GOES ON .

IR
a) ~ Apply THE K - C - L .

in-
R @ THE NODE ⑦ To

⑦ t.ph/sHoweaae
:

→

IL Ip = - IL

③

* THIS COULD DESCRIBE , FOR INSTANCE
,
AN Aluminum RING W/

INDUCTANCE L & RESISTANCE R .



② ⑦ . USE THE K -V. L . FORb) a-
⑦ 4,6¥ ③ THE PATHS A- → c-SD->B

d A-→ E-SF → B
• .

To SHOW THAT :⑦ ⑤

C) USE OHM's Law
VR = VL

AND THE DEFINITION

OF INDUCTANCE To SHOW THAT FROM (b) :

IRR =L DI
st

d) COMBINE RESULT FROM PART a )

w/ RESULT FROM part c)

To SHOW : ⑦
→

DIL WHERE T=¥

e) ① is WHAT WE WILL NEED To figure

out IL (t) for f 70 .
FOR STARTERS

,

THOUGH
, simply MAKE A POINT ON

THE IL vs . t GRAPH FOR THE

INDUCTOR CURRENT IL @ t = o :

(see Next PAGE) :



( e) cont. i MARK IL (t ) @ E=o :

the'#O
O

sa (e )
f) USING ⑦

,
DETERMINE THE RATE OF

CHANGE DIL @ t = o .

It

• NOTE THE SIN OF THE SLOPE .

• DRAW A LINE STARTING FROM

THE point you MARKED IN

(e)
,
EXTENDING To THE

HORIZONTAL ( t) Axis .

° WHERE DOES IT INTERSECT

THE HORIZONTAL axis ?



g) Now , USE ① ,
ALONG W/ THE

"

STEADY STATE CONDITION
"

( NO CHAIRING

CURRENTS OR VOLTAGES ) , TO PREDICT THE

INDUCTOR CURRENT IL as f → X
.

• DRAW A HORIZONTAL LINE

THAT INTERSECTS THE VERTICAL

( IL) Axis AT THIS VALUE .

h) FINALLY , Draw A SMOOTH CURVE THAT :

• STARTS @ THE point MARKED IN

STEP (e ) , THEN

° MOVES INITIALLY ALONG THE LINE

DRAWN IN PART ( f ) , THEN :

•
'l

PEELS OFF
"
THIS LINE

,
AND GRADUALLY

APPROACHES THE LINE FROM PART (g)
As time Goes on ( t → x ) .



( i ) Do you RECALL THE NAME of THIS

curve? MATHEMATICALLY IT HAS THE

FORM#II. ( t) = Io e
- "T

-

I
• CHECK THAT THIS EQUATION AGREES

w/ your ANSWERS FOR PARTS (e)
& ( g ) , i.e . @ t -- o t t -s - .

• WHEN DOES THIS FORMULA PREDICT THAT

I< ( t) Goes To I OF ITS INITIAL
e

VALUE? Does THIS ( ROUGHLY )
AGREE w/ your GRAPH ?

( e t 2.72 )

Bogus ! ° WHEN DOES I , (t) Go to

Yz OF ITS initial VALUE ?



ANSWI

I a) ✓ =L
at

= 500#H . IMI

= 500mV
M/S

= .5V

b) ANALOGY W PROJECTILE motion :

• if X (t) = { at

- THEN VCE) = at

• So if I ( t)
= {at

• THEN DICE)
-

= at

ist

→ VCE) =L FIG) = Lat

✓(E)7

¥"↳
c) CURRENT constant → %¥ = o

→ ✓ = O

t



d) IN (c) WE FIND THAT IN STEADY -

STATE
,
WHERE CURRENTS ARE NOT

CHANGING THE VOLTAGE ACROSS AN
- J

INDUCTOR IS ZERO , No MATTER WHAT

( STEADY ! ) current CONDUCTS THRU IT.

u
"

THIS ✓ =o for any I BEHAVIOR is

Just How SHORT - circuits BEHAVE .

E) WELL , INDUCTORS ARE MADE OF

(CONDUCTING) WIRE
,
So IT is NOT

SURPRISING THAT THEY ACT LIKE

SHORT - circuits (WHEN CURRENT is

STEADY) .

I. (t)f ) i

⇒ ÷
.

At

→ VELIE' > LI=v ,



Q2
-

FROM GRAPH :

• I - o e t -- o l ÷ )
• I → Yr as t→ X ("greasy - STATE " )

a) FROM OHM 's Law :

(Vr -- IR )
• Up = ( o ) XR = o C E - o

• Up→ %xR=V as t -s -

b) K .V - L -

i

v = Wrtv , → VEV -Vr

so :
. ✓

L
= V - ( o ) =✓ @ t=o

.¥✓<→ V - (V ) =D as t→x
.

* AGAIN WE SEE THAT VOLTAGE ACROSS INDUCTOR is

ZERO IN STEADY STATE
, EVEN THOUGH CURRENT is

NOI - ZERO ( I → YR) , i.e . INDUCTOR ACTS LIKE SHORT - circuit .

*
WE ALSO SEE SLOPE of I (t) FLATTENING out AS

f- → no
,
i.e .

DI

JE
→ O - So AGAIN WE FIND

✓
L
= L÷¥ → 0 IN STEADY STATE .



Q3
- a) try-

⑦ took
→

IL

CURRENT INI ⑦ = CURRENT OUI of ⑦

t t
O = ILTIR

→ Ip =
- ILV

b) In-⑦
⑦ to'H③

'

⑤

KUL : Va → <→ D → B = Va-sE→F→B
(wires) o f o of

Va tvc-s.si#I--VaIetVe-srtVr-I!
t t

VR = V
,

→ Vr -- V, ✓



c) OHM's Law i Yz - IRR
INDUCTORS.it/L--LF
→

IRR = Ur Eve =L i
V

at
(b)

d)
PLUGGING in ( from Ca)) IR =

- IL

INTO (c) WE GET :

- I , R = LEE
DE

✓
→ 3 = - Tux 'E=÷=

-

e) By assumption-
'

'

I = Io e t - o

Io -x

Idt)↳
° E



f) ⑦ 3¥ =

°

T

NEGATIVE

IoX f scope

Iit) #
o T t

g) STEADY - STATE : L
→ O

>
O ist

→ DIL -

⑦HE
→ I → o

( e)
←

""÷:



h ) ee)

","÷:
i.i ) "

Exponential DECAY
"

C t =o ICE -- o ) = Io e-
°

! Io # Ior
As t → x Ift-so) -- I e-

"
I →

or

e
-IT

(DENOM . GETS

• IL Goes to @ t = -1 Big ! )
e

I ( t -- T ) = Io e-
""

= Ioe
"

= Io =
e 2.72

t÷÷÷÷÷¥i÷.
. @ WHAT ↳Does Ict) = Iof ?

Ict,) -- Io e
-""T -

- Iof



Io
=

Io
- -

et "- IT 2

→ et '" IT = z

en (et
"" ) -

- en 2

the /,
= In Z

ti
,
= ln 2 x T t .

69 T

÷:
5

Looks
LIKEABOUT
. 69T✓


