Whatis
Self Induction?

-

"

-
- -~
- ~
-’ . 3

,',4‘ “\:\

1

AN A

[ ) \\::~~- _._,—::r'
e T e —————— S ————

o ———— e ————— y
_ ~ ‘ -------------- ‘
(2 Y
i - )
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Chapter 9 — Self Induction
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Exercise 2

The figure below consists of an ideal generator of em.f E, a
coll of Internal resistance r & Inductance L = 4mH and a

resistor of resistance R.
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Exercise 3:

The circuit of document 1 consists of:

- An ideal generator of constant electromotive force E.

- A coll of inductance L and resistance r.

- A resistor of resistance R = 110Q2.

- A double switch K.; an ammeter and connecting wires.

The aim of this exercise i1s to determine the characteristics L and r

of the coll.

A. Analytical study of the growth of the current.

At the instant t,= 0, the switch K is turned to position (1). At the instant t, the circuit carries an
electric current i.

A convenient apparatus records the variations of the voltage u; = u,p across the coil and the
voltage up = ugy, across the resistor. \We obtain the waveforms of document 2.




1. Curve (a) represents the variation of up as a function of
time. Why?

2. Applying the law of addition of voltages, derive the first
order differential equation that governs the variation of the
current i as a function of time.

3. Deduce the expression of the steady state current I, iIn
terms of E,Rand .

4. The solution of the differential equation has the formi = A
t

+ Be =, where A, B and t are constants. Determine the
expressions of A, Band tintermsof E, L, R and .

5. Determine:
5.1. the values of I, r and E.
5.2. the time constant t; then, deduce the value of L.
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B. Analytical study of the decay of current

At a new origin of time t,, the switch K Is turned to position (2). At the instant t, the circuit
carries an electric current i.

1. Draw the circuit and indicate the direction of the electric current.

2. Show that the differential equation that governs the variation of the voltage u, across the

resistor is given by d;"tR + " up =0

L

3. The solution of the differential equation has the form up = De™%t, where D and « are

constants. Show that D = RI; and a = =

T
t

4. Deduce thati = Iye =

5. Determine the magnetic energy W, lost by the coil between t, = 0s and t, = 7.



6. The energy dissipated due to joule's effect in the resistor between t, and t,, Is given by W,
= [*Ri?dt.

6.1. Determine the value of W),
6.2 Deduce the energy dissipated in the coil between t; and t,.



1. Curve (a) represents the variation of u, as a function of time. Why?
Curve (a) corresponds to ug since it increases exponentially with time.

Au [\r]

2. Applying the law of addition of voltages, derive the first
order differential equation that governs the variation of
the current i as a function of time.

Law of addition of voltages: Uy = Uygp + Uy

di
UG = ug +u; » E=Ri+ri+Ll_

_ di

E=(R+1)i+ La

3. Deduce the expression of the steady state current |l in
terms of E, Randr.

. i
In the steady state:  i=1, =constant and % =0

—E=(R+n)].+0> In=i
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4. The solution of the differential equation has the form 1=A+Be * where A, B and 1

are constants. Determine the expressions of A, B and 7 in terms of E, L, R and r.

_t j L ' o
|:A+Befz>ﬂ=8(—1)ef :QZ_E
L T dt T t g !
Replace i and di/dt in the differential equation. = E =(R+r)(A+Be 7 )+L(——e 7)
T
y B -i B -t ot
=E=(R+r)A+(R+r)Be = -L(=e *) =>E+L(—e *)=(R+r)A+(R+r)Be *
T T
By identification:
E
E=(R+r)A= A=
R+r

and LE=(R—I—I’)B :>r:L
T R+r



5. Determine:
5.1. the values of I, r and E.

5.2. the time constant t; then, deduce the value of L. Aulv] e
5.1. In the steady state: 12 :
From graph:u, =11V and u, =1V 1 \\ )~
/
U, =Rl =1, =R | = 11_01A J L/
R 110 \
uL:rIO:r:i:ﬂ:—lleQ 6
| 0.1
E A/
I, = =E=(R+r)l, RN
R+Tr / N
2] T~—L (b)
= E=(110+10)x0.1=12V | ¢ [ms]
v >
0 | _
5.2. At t = 1; u=0.63up, = 0.63x11=6.93V. 05 t 15 2 25 3

Graphically, 7=0.5ms.

ButT:RL — L=(R+r)r=(110+10)x05x10° — [ =0.06H
+r




1. Draw the circuit and indicate the direction of the electric
current.

2. Show that the differential equation that governs the variation of the

voltage u, across the resistor Is given by d:R + R+T U, = 0
t
Apply law of addition of voltages:
u +ug,=0 :>ri+L%+ Ri=0
:>(R+r)i+Lﬂ:O
dt
But u, =R :>i—u—R
d(-2 )R
Ug du;
= R+nNE+L—R=0 | S RinNR &L
R dt RN R Ret
. R
Multiply by :— — du, + (R+1) u, =0
L dt L



—at

3. The solution of the differential equation has the form u, = De ™ where D and a

1
are constants. Show that D=Rl,and o =—

UR = De_at — % = D(—Cz)e_“t — _Dae—at 4
Replace u, and dug/dt in the differential equation:
— —Dae ™™ + (R+1) (De ™) =0
(RJlFr)
= De ™ (~a + ) =0
But De ™ #0 = (-q+inir D)0 o q-R¥D) 1
.

Att,=0,i=1, andu; =Rl, ‘= R] /= De’ = D =RI,



t

4. Deduce that i:IOe_;

L

De i _Rler

t

—at . . _t
uR:De“ = Ri=De “ = i= :>i:|oer

5. Determine the magnetic energy Wm lost by the coil between t, = 0s and t, = 7.
Att=0:i,=1,."=0.1A
Att =7:i,=1.e"=0.1x0.37=0.037A

Magnetic enery lost: W, =W_,-W,_, _ -1 Li2 1 Li2
"2

1. .., .
—->W_ = L(i; i) =wW_ :%0.06(0.12 -0.037°) =W _=2.59x10"*]



6. The energy dissipated due to joule's effect in the resistor between t0 and t1, is given

by W, = [ Ri’dt
6.1. Determine the value of W,
6.2 Deduce the energy dissipated | n the coil between t,and t,.

6.1.W, jandt =W, IR(Ie )’ dt
2t 2t

t 2t
W, le ¢ rdt =W, =RIj[e dt
0

— W, =Rl {[—]e o

— 2
t_T:Wh:_RIZOZT 477 _Rlgr

W, :_110><O.12>2<O.5><103 (62 1) :Wh —238%107*]

e’)



6.2.W=W_-W,
—W =2.59x10*=2.38x10™

—W =0.21x10"* J



