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Chapter 9 — Self Induction
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Self — Induction

Consider the circuit represented in document 1 that consists of:

* (G) a DC generator of em.f E = 15V ky ok
and of negligible internal resistance. B _‘/"‘—’/’—

* (D4) a resistor of resistance Ry = 801. [ . é] Rz[]

» (D) aresistor of resistance R, =100Q | T ¢ |°

+ (B) a coil of inductance L and of | ab——1 |
negligible resistance. Doc .1

(k) and (k) are two switches.

The aim of this exercise Is to determine the inductance L of
the coll
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Part A: Growth of the current: ST .
At to =0, we close Ky, and we leave | ® R
K, ope_n: | | ['R1 L%} Rz[]
The circuit carries a current iy and the | 7 = 7+
steady state Is reached after a certain A‘II

| D F
delay Doc .1

1)Name the physical phenomenon responsible for the delay
In the growth of the current.

The physical phenomenon responsible of the delay In the
growth of the current is called self induction.
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2) Explain qualitatively the cause of this kg ok
delay. B—‘/‘—I—‘/ —

when k, 1s closed and k, Is opened, the | - éj

current in the coll starts Iincreasing. [ R 3 RZ[]

Due to the increase of this current in the 4“
coil, the magnetic field and the magnetic o )
flux linked with the coll also increase.

As a result of this process, induced EMF is set up In the coll,
such that it opposes the growth of current in the coll .
This delays the current to acquire the maximum value.
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3) Derive the differential equation in i. ky kg
B —c/o—l—o/o—
ug — Up1 -+ Up I }
di -R1 L% R,
E =ri; + L— + Ryiy i o]
dt E.
E 0+Ldi1 R.i S )
— I L Doc .1
dt 1¢1
E 12'+th
- l —_—
1¢1 dt

Differential equation in terms of current iy
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R
4) Verify that iy = RE (1 — e_Tlt)is a solution of the preceding
1

differential equation.

E _Ry d E R R
l=—(1—e th) » —l= . 1e th
1 dt R1 L
dys oF \ i,
it culled -
dt L

Substitute i and % In differential equation.
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E Ry,

E R
E = RlR—1(1 _e L) +L.z.e_T

E = E(l — e_Tt) +Ee L'

Ry
Then iy = RE (1 — e‘Tt)is a solution of the diff. equation.
1
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5)Determine, In the steady state, the expression of the current
I, in terms of E and R4. Calculate its value.

_— —_— Lo'— y —E _&t
Att—5r—5R—1,l—IO ll—R—l(l—e L)
E Rigl E _
IO=R—1(1—B L Rl) » IO=R—1(1—85)
E E 15
Iy = 0.99 - ) o= B Iy =55 =0.18754
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Part B: Decay of the current:

At an instant £, = 0, chosen as a new origin of time, we open
k, and close k, at the same time.

At an Instant t, the circult carries
thus a current i,.
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1)Derive the differential equation in i,.
Apply law of addition of voltages:

ug = U + Up>

di, Ri
F KL
dt 2

O=Ti2+L

0 =R,i +Ldi2
— i i
2%2 dt

Differential equation in terms of current i,




Self — induction
2) The solution of this differential equation is of the form i,
t

=a.e =.Showthata = I, and T = Ri.

2
di a _t
t 2 a _t
ipb=aert = dt - ¢
- . di . : : : ) diz
Substitute i and —- N differential equation. 0 = R,i, + LE
_t a _t t
R,.a.e v+ L. (—;.e )= 0 » R, a.e 7 aTL.e_% =0
_t] L
a.e TRy, ——| =0
- t-
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_t L
a.e t|R, ——| =0
T-
L L L
2 - » 2 N » T Rz
Att()=0;i2:l():Ri
2
t E E
i, =a.ert » R—=a.e° » a=10=R—2
2
E _Ra,
l2=_e L
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E ot E* _,t
P=R,x|—eT 0 P=R,—5e 't
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Part C: experimental study:

A convenient setup Is used
to plot the curve
representing the change of
the current as a function
of time as shown.

160
140 :
120
100

80

1)Referring to the curve, 60
determine the value of 4o

thecurrentatty = 0 20
0o ‘'
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2) Determine the time constant

Att = T1; 160 |
i=0.37 %1, 149
120
i =0.37x150 100
i =55.5mA 80

60
From graph i = 55.5mA4 at ,,

t = 8ms 20

O =

T = 8ms

i(mA)
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L=8x10"3x100

L =0.8H
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