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Calculation of Self-Inductance

The calculation of the inductance:

1. calculate generated magnetic field using the current

2. calculate the total magnetic flux

3. the self-inductance is the total magnetic flux divided
by the current

Inductance

P
The induced voltage in the inductor with an inductance L 1s
v ddp ; dl
PTodt T Tdt

The unit of the inductance is henry (H). 1 H=1 Wb/A=1T m?/A
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Calculation of The Current in The RL Circuit

The RL Circuit

Ref:

Use Kirchhoff’s rule: .T+
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The current decreases as an exponential decay functlon. For the

exponential decay function, we can define a time constant and here
the time constant T = L/R.



The Energy Stored in The Solenoid
For a self-inductance, the magnetic flux in the inductor 1s
b, =LI

: : d dl
The induced emf'is € = — = b, =—-L 7
For a changing current in the inductor, the energy consumption is
Ene rgy Of estimated using the power P = IV = IL %.

\ ag netic Fie | d The total energy for the current increasing from 0 to [ is

t t ] 1(t) 1
U=det=j IL—dt=j Lidl = = LI?
0 o dt 0 2
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The Energy Stored in The Solenoid

Considering a solenoid of cross-sectional area A, a number of coils per
unit length n, and a length [, the current in the solenoid is /.

The magnetic field indie the solenoid 1s B = ugnl and the magnetic
flux in the solenoid is ®@,,, = nlAugynl.

The self-inductance of the solenoid is L = % = lAugn®.

Energy of
\V/ ag netic Fleld For a solenoid with current I, the energy stored initis U = %LI 2 =

% [Apgn?I?.

The energy stored in the inductor can be taken as the energy of the
generated magnetic fields in the solenoid, thus we can calculated the
volumetric energy density of magnetic fields.
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Mutual

Inductance

When two current loops are coupled together, the current change in
one loop will induce an emf in the other loop.

1(t)

’ I induced
The mutual inductance between the two loops is
decided by the common space between Loops 1 & 2.

The current I; in Loop 1 gives flux to Loop 2: &, =1,M;,

The current I, in Loop 2 gives flux to Loop 1: &4 = [, M5,

The mutual inductance is only depended on the spatial arrangement of
the two loops thus M, = M,;.



Oscillations in

an LC Circuit

Q% LI? Az_2 t L A? f ¢ A?
ct U, = =-——=sin“|—+D |+z75cos“|—+D | ===

When the loop is closed, the charge and current will 4

A charged capacitor is connected with an inductor.
¢ L
exhibit oscillations. [

Use the Kirchhoff’s rule on the circuit, we have

al  Q d*Q Q
LT ke teTY

Let Q(t) = Asin(Bt + D) be a soluton and put it into the equation:

1 1
—LB?Asin(Bt + D) + EA sin(Bt + D) =0 -> —LB? + - 0

1 wa A (e
Bz\/T_C_)Q(t)=A81n(\/T_C+D>&I(t)_\/RCOS<\/R+D>
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Oscillations in

an LC Circuit

4+ C
There are alternative calculations since e
. o0 1+ o—if plf _ o—if
e = cos@ +isinf,cosfh = ,sin@ = :
2 21
We can use a guess solution Q(t) = AeB! to solve [ — - d*Q %

Put the guess solution into the differential equation, we get
LB2AeBt + AeBt/C =0 - (LB? + 1/C)AeBt =

L . .
B =t Q1) = 416" + gt IO

This solution is exactly the same as that you have derived

Q(t) = Asin (L + D)
VLC



(e e, X =0
LC Circuit dtz ' ¢ t m— g k=
Versus Q(t) = Quqx Sin (x/T_C + g0> x(t) = Asin (\/k/mt + <p)
Harmonic 1 1
. . Q(t) »x(t),L>m—=->k,——-k/m
Oscillation ¢ VILC
dQ dx
1(t) _E_) v(t) =
dl 0
€= LE - F =ma,V, = —C = Fopring = —kx
2 1 1
—LI? +Q— = const - —mv? +—kx? = const
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Oscillations in

an LC Circuit




Use the Kirchhoff’s rule on the circuit, we have

dl Q d?Q dQ Q
_LE_E_IR_O_)LF-I_RE-I_E_O

Let’s use a guess solution of Q(t) = Ae?t.

1
LB?AeP* + RBAe®* + = Ae®* = 0 - (LB* + RB +1/C)Ae®" =

—R R —4L/C _
2L~ 2L

>+ JR/ZLY —1/LC

2
1. Overdamped oscillation (% — % > 0):

0(t) = Ale—%th/(R/ZL)z—l/LCt _I_Aze—%t—\/(R/ZL)z—l/LCt




> 1y R? 1
2. Critically (;amped oRscﬂlatlon (m T 0):

Q(t) = Ae 2L" - e 2L (A, + Ayt)

2
3. Underdamped oscillation (% — % < 0):

0(t) =Ale—2R;Lt+i\/1/LC (R/2L)2t _I_Aze—%t—i\/l/Lc—(R/ZL)zt

0(t) = e—ZR;Lt (Alei\/l/LC—(R/ZL)Zt _|_Aze—i\/1/LC—(R/2L)2t)

0(t) = et (4sin(V1/LC = (R/2L)%t + ¢)), wo = 1/VLC

Q(t) = e_%t <A sin (\/a)(z, —(R/2L)*t + (p))



The Calculation of Inductance

Model a long coaxial cable as two thin, concentric, cylindrical
conducting shells of radii a and b and length [. The conducting shells
carry the same current in opposite directions. Calculate the inductance
L of this cable.

Let the current be I in the two concentric conducting shells.

Exa m PleS The magnetic field due to the current in the inner shell is
2nrB = ugl - B = ,u_ol
Ho 2T

The total magnetic flux through the area with a length
[ and a width fromr =ator = b is

b/l Il (b l (b
O, = f (”L> ldr =27 (—) SL =5 (—)
q \271r 21 a 2r \a




The Calculation of Inductance

Find the total energy dissipated in the resistor R, when the current in
the inductor decreases from its initial value of I, to 0?

Use the Kirchoff’s rule: —L% —IR=0

Ldl dl R

E=—1R—>T=—zdt
Examples ‘Al R

R

ftdt l<l> Rt I=1 It
—— sIn|l—)=—=t->1=le
WL Io L

2—t

The power dissipated on the resistor is P = I?R = RI¢e “1".

© o _oR
The total dissipated energy is U = fo Iée “T'Rdt = %ng.




The Calculation of Inductance

A certain region of space contains a uniform magnetic field of 0.030T
and a uniform electric field of 2.0 X 10® N/C. Find (a) the total
volumetric energy density of the electric and magnetic fields.

1 . B?
u=uE+uB=§eOE +2—Iio
Examples 1 »  (0.03)?
==(8.85%x 1071 )(2.0 x 10° : =17.7 + 358
u 2(885 071 )(2.0 x 10°) toanxion = 77t

u = 375.8 J/m?




Two solenoids with radii of r; and r, and the numbers of loops N; and
N, are arranged coaxially. The two solenoids are of the same length (.
Please calculate their mutual inductances.

Assume the current in Solenoid 2 1s I,
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The magnetic flux in Solenoid 1 is ®; = N;u, Tzlzm"l = I,M,,

N,
B = IioTIz

Examples

Assume the current in Solenoid 1 1s 4
Ny
B =y 711

The magnetic flux in Solenoid 1 is ®, = N, u, %Ilm"lz = [{ M,

My, = My, = MON1N27T7” /1



A capacitor of 2 uF is fully charged by a voltage of 10 V. The capacitor
is connected with an inductor of 2 uH. Please calculate the oscillation
frequency and the peak current in the inductor-capacitor system.

For an LC circuit, the natural oscillating angular speed is
1 1

VIC /(2 x1079)(2 x 107)
—>f=%=7.96><104Hz

=5x%x10°

Examples

The maximum charge stored in the capacitor is estimated using the
charge voltage: Qy = CV =2 x 107> C

Use the energy conservation to find the peak current of the LC

_ QM _
x —>IM—M—10A

1t 2 LI}
oscillating system: 2—"&’ — =M




