Chapter 7

Energy Storage Elements
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Preview

In this chapter we describe the characteristics of two energy
storage elements: the capacitor and the /nductor.

Ideally, these elements do not dissipate energy.

Capacitors and inductors are used in circuits to store enerqgy
and deliver it back to the rest of the circuit,
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Capacitors

Capacitance

A capacitor is a two-terminal
element that is a model of a device
consisting of two conducting plates

separated by a nonconducting %

material.

When a voltage is applied to the
terminals of this device as part of
an electric circuit, current will flow
in the circuit and equal charge is
deposited on the two plates of this
device.
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Capacitors

Capacitance

The capacitance is given by:

_gA
C_d

A: area of plates (in meter sq).
d: distance between plates (in meter).
&: dielectric constant.

" Dielectric
Material £, e Constant
Mica 7
Ny lon 2
Bakelite 5
Paper 3.5
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Capacitor
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Battery

where € = & &, and &, is permittivity of free space: & = 8.85x10 Farad/Meter

r‘l
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Capacitors

Capacitance

The capacitance is given by:

c=-¢A
d

A: area of plates.
d: distance between plates.
&: dielectric constant.

Example:

Find the capacitance of a parallel
plate capacitor having the following
properties:

A=1lcm® d=1mm

Dielectric material: Bakelite

C=EA - (5)(8.85x10")(001f
0.001

= 4425 nF

Find plate area for C= 1 F

Relative
,/’"F—. Dlele;mc

Material 6 . Constant

Mica 7

Nylon 2

Bakelite 5

Paper 3.5
where |& =
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Capacitors

Assuming circurt
has been active

_ for long time
o for long

Charging a Capacitor

In the figure shown, and by KVL, the voltage
across the capacitor, v, must be equal to the

battery voltage. But how does a capacitor q. q %

develop such voltage across its plate? ] )

e
i 551. -
The capacitor develops potential difference / C kI

(voltage) between its plates by means of T
charging the plates. The positive terminal of
the battery attracts the free electrons in
the left plate. This leaves an excess positive
charge (+¢) on this plate. This excess charge,
in turn, attracts the free electrons in the

right plate and develops a net negative

charge (-g) onthis plate. The facing opposite charges create an electrostatic

force between them. This force is the electric field and it shows up as a voltage
across the plates.

v

Battery

The moving charge creates the current i in the circuit (even thought no charges
cross the gap between the plates of the capacitor!)
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Capacitors

How do we find out the value of 42

The charge in a capacitor is
proportional to the voltage across
its plates. The proportionality
constant is the capacitance C:

q=Cv

Capacitance is a measure of the
ability of a device to store energy
in the form of separated charge
or an electric field.

Capacitor

ek

q, |4 /
et N

/+R&;

A\ v

Battery

The unit of capacitance is coulomb per volt and is called farad (F) in honor of

Michael Faraday (Britin, 1821).
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Capacitors

Current-Voltage Relationship for a Capacitor

Recall that:

Current is the rate of change of charge. Therefore, the current in a
capacitor is found by differentiating the above equation to get:

q

Cv

with current direction and voltage polarity as shown here:

Circuit symbol
for a capacitor

Note: The current-voltage relationship for a capacitor is linear (assuming C is

a constant). Therefore, capacitors are linear elements.
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Capacitors
Current-Voltage Relationship for a Capacitor
Example: Find the current in a capacitor € = 1 mF

when the voltage across the capacitor is
represented by the following signal: i

V(V)
10 T

f(s)
. dv dv
Solution: Since i =C — = 0.001 — I (mA)
dit dt
we obtain 10
0 <0
1072 0<r<l
§= 4 0 1 2t
~1072 l<t<?
MO {>2 10+
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Capacitors
Current-Voltage Relationship for a Capacitor

j=c?
dt
Multiplying both sides of the above expression by dt I ,
and integrating from some initial time ¢, fo t we get 77
t v(t)
f i(t)dr = Cf dv = Clv(t) — v(ty)] .
to v(to) v C

t

Or v(t) = %f i(t)dt + v(ty) -

0

This equation says that the capacitor voltage v(f) can be found by
integrating the capacitor current from some convenient time f; until
time 7, provided that we also know the capacitor initial voltage v(#;)
V(o) is also known as the capacitor initial condition. Frequently, it is
convenient to select /5= 0.
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Capacitors
Current-Voltage Relationship for a Capacitor

v(t) = %fti(r)dr + v(ty)

0

Example: Find the voltage across a capacitor C = 1/2 F when the current
is as shown here. Assume v(0) = 0.

I.(t) IZ“__‘N T T T
(A:l F.. 3
T/ (0 °f ;
| W
t |
I
I 1 -
|
0 1 2 —
4 ) | 1 |
0 1 2 3 4
ﬁi b athzad |
27 -1
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The voltage across a capacitor cannot change instantaneously

The principle of conservation of charge states that the amount of
electric charge can not change instantaneously. Thus, ¢(f) must be
continuous over time. Recall that ¢(7)= Cv(7). Thus, the voltage across

a capacitor cannot change instantaneously.

v(tg ) =v(ty) forall £,

If we allow the capacitor voltage to
have a jump discontinuity then that
would (theoretically) lead to an
infinite current.

The derivative at a
jump discontinuity is

i= ﬂ < infinite
dt — (L)

Lo

Note that the current in a capacitor can change instantaneously.
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Capacitors
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Examples of Practical Capacitors

Pol}%rac%g;fgle (5 %_) Super capacitor:
4.7 JF (400V) Polypropylene Metallized 10F (2.5 V)
. 5 Film (10 %) g Polypropylene

v)
58 0.1 uF (200V) | 2.2uF (400V)

O
MKP C 4G

Metalized
Polyester film
0.47uF

(Mylar)
Polyester film
220nF (100V)

(polarized)  Ceramic disc

100pF (16V) 10pF (50V)
0.1uF (50V) Electrolytic (polarized) capacitors

(20%) ~ 10pF (25V). 1mF (16V) and 10mF (40 V)

Professor Mohamad H. Hassoun 14
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Capacitors

Actual capacitors have some resistance associated with them.
In capacitors the dielectric material between the plates is not
a perfect insulator and has a small conductivity. This can be

represented by a very high resistance (hundreds of
megaohms) in parallel with an ideal capacitor. This resistance
is usually ignored.

Ordinary capacitors can hold a charge for hours. Therefore,
one should be very carefull when handeling large capacitors,
even when they are not connected in a circuit.

Capacitor Types Link

Professor Mohamad H. Hassoun 15
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Energy Storage in a Capacitor

The current and
voltage satisfy the

dv) dv 1 dq passive sign convention

pc(t) =i()v(t) = (CE v=q =747,

Note that the following relations were used above: n ‘
% C
q=Cv z—Ci z':@
dt dt —

Energy stored in a capacitor:

t t dv
w,(t) =f pc(r)drzf Cvadr

The power in a capacitor is given by:

‘U(t) 1 t
= f Cvdv = Cv v(6)
v(—©0) 1](—00)

Since the capacitor did not exist at t = —oo,

we may set v(—o0) = 0: 1 2 Because w,(t) > 0 for all t, the capacitor
We =5tV is a passive element.
Professor Mohamad H. Hassoun 16
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Your turn: The voltage across a capacitor of capacitance C is the
triangular pulse shown below. Determine the power p(t) and energy

w(t) stored in the capacitor, for 0 < t < . Employ Mathcad to plot
these functions (assume C = 1F).

Professor Mohamad H. Hassoun 17
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Energy Storage in a Capacitor

Since an ideal capacitor has zero resistance,
then it can not dissipate energy.

The ideal capacitor can store energy delivered by a
source(s) present in the circuit. The capacitor can also
release its stored energy (or part of it) to the rest of
the circuit. A charged capacitor retains any stored
energy if it is suddenly disconnected from a circuit.

Once charged, and as long as a capacitor remains disconnected from
any other element, the energy remains stored. Now if we connect
the capacitor to the terminals of aresistor, we expect current to
flow until all the energy is dissipated as heat by the resistor. After
all the energy dissipates, the current is zero and the capacitor
voltage is zero.

Professor Mohamad H. Hassoun 18
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Energy Storage in a Capacitor

Example: Determine the voltage v(7), the : o
charge q in the capacitor, and the 50
energy stored at time 7= 0.2 s. ® WD)

) = . (7
Assume v (0 )= 3 V. i(f):3€5'fA DEFT_'I&() 5
Solution:

For positive time, and af‘rer switching, the circuit's current changes
instantaneously to 3¢ A. The voltage across the capacitor is given by:
t

P odn . BT : o -
E(f)_E%idHE(O)' U-_2E|)+33 dr+3 since Y(0)=v0)=3

I
'
1&(:“) = 385T|U+ + 3 = 335; >0 and V(1) = 1&(?) + Bi(1) = 1865 V.

1(0.2) =815 V.

|
9(0.2)= C y(0.2) = (0.2)(8.15) W.(0.2) = C‘ ‘(o 2) = 0.5(0.2)(8. 15)
= 1.63 Coulomb =664J

Professor Mohamad H. Hassoun 19
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Parallel Capacitors

0 . r————-

o & ~—— ———
Parallel connection of N capacitors
O
+
Co ,.—..._.: V ;- C1+Cot ~+Cp
o Note:
Equivalent circuit Initial voltage on Gy, is same as v(0)

Professor Mohamad H. Hassoun 20
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Series Capacitors

Equivalent circuit

_/‘7 : + o oee
> C. C G Cn

1 1 1 1

W(fo) =W (7o) +va(fp) +---+vn(Zp)

Professor Mohamad H. Hassoun
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Your turn: Show [analytically, employing the capacitor’s v — i
relationship v, (t) = % fot ic(7)dt + v-(0)] that two series capacitors
with initial voltages v, (0) and v, (0) combine into a single

capacitor C,, where S =14 Ci and Ve,, (0) = v, (0) + v, (0).
2

v, (0) ve, (0)

Your turn: Repeat the above problem for the case of two
capacitors placed in parallel with existing initial voltages.

Professor Mohamad H. Hassoun 22
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Series and Parallel Capacitors: Example

6 mF 12 mF

— —

|—> IQ mF =< 4mF
Ceq

|
Il
==
+ [=
—_ | —
NI

_ (e)az)
Coq * o) - 4mF
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Capacitors: Summary of Main Results

c=-£EA f —
d , .
- z‘:%:(]% v(z‘):%jz‘dr+v(r0) + ‘
=Cv 11 11
q s . C
v L2 ~
w.(H)==-Cv=()J

p,=iv=Cv— B
‘ dt = Circuit symbol

for a capacitor

¢ dwe
we(t) = L pc(@dr +we(to)|  |pc(t) = d_lz

0

the voltage across Cy,=C+Cyr+---+Chx Parallel
a capacitor cannot p - Capacitors
change instantaneously.
: U : = L + I +...+L Series
V(fa-) =Wy ) forall %, Cy 1 O Cp | Capacitors

The capacitor behaves as an open circuit

Note that the current
under pure dc excitation and assuming

In a capacitor can
change instantaneously. steady-state operation.

Professor Mohamad H. Hassoun
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DC Steady State for RC Circuits

In dc steady-state operation, all voltages and currents in an RC circuit are
constants. Since a capacitor current is proportional to the derivative of the

capacitor voltage, the current is zero. The capacitor appears as an open
circuit,

Example:
Find v.(07), v.(0") and V(). Assume the switch has been closed for a long time.

2 Q 3 Q

10V

Professor Mohamad H. Hassoun 25
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Example: Steady-State Operation

Find v,(0-) and v (). Assume the switch has been closed for a long time.

. Capacitor is open circuit for
=0 2 Q) steady-state operation

By voltage division:

10v(E) Vo(07) = (3)(10)/(2+3)
=6V

By continuity:
Ve(0™)=V(07)=6 V

3 Q

+ Current in mesh is zero | Alternatively, the capacitor

because of open circuit. |, discharge its energy in

Ve(o) = 3i= (3)(0) = O V [the resistor leading to v¢(x) = 0

Professor Mohamad H. Hassoun 26
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Demo: Capacitor/Relay-Based Oscillator

The circuit of a simple oscillator (and flasher) is depicted below. It is
based on charging a capacitor and then discharging it in a small light
bulb utilizing a relay element. A link to a video demonstration and
discussion of the operation of this circuit can be found here: |Click

h
/Relay
m—
This circuit is not as simple
R O el .
|+ as it looks and its full analysis
T C T would have to wait till Chapter 9
(RLC circuits) is covered.
Professor Mohamad H. Hassoun 27
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https://www.youtube.com/watch?v=WuG4nOyF99s
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Demo: Capacitor/Relay-Based Oscillator

The following scope trace depicts the voltage across the light bulb for

the relay oscillator. It reads: 20 ms/div, 2 Volt/div, about 8 Volt peak
voltage and 64 ms period.

0.00000000ps £ @ TIEV

! Coupling
T4 DC
\ ~EW Lirmit
Frobe

Irnvert

it

v e

Your turn: The oscillator parameters that generated the above
waveform are: dc source = 9 Volt, € = 2.2mF and light bulb resistance
R = 1.51). The relay switching exhibits hysteresis: it takes about 8 Volts
to close the relay and, once closed, the relay will open when its coil
voltage drops to about 2 Volts. Explain, qualitatively, the charge/
discharge cycle of the capacitor and the light bulb voltage waveform.
Sketch the capacitor voltage.
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Inductors

An inductor is a two-terminal
element consisting of winding of N
turns for infroducing inductance
into an electric circuit.

Inductance is defined as the
property of an electric device by
which a time-varying current
through the device produces a
voltage across it:

di
d

v=1

where L is the constant of
proportionality called inductance
and is measured in henrys (H).

Coil of wire connected to a
current source.

Professor Mohamad H. Hassoun 29
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Inductance of a Coil

/
N turns Area A

Coil wound as a
tight helix on a
core of area A.

7 M N*4
[ +0.45d

5,000 — 200,000

where 1 is permeability of core, 4710""H/m = 1.2566 uH/m for air
(higher for iron). N is the number of turns of the coil. A is the
cross-sectional area of the coil (in square meters). / is the length of

the coil (in meters). d is the diameter of the coil (meter).

d

Assumptions: | > =1 and the core is of nonferromagnetic material

b

Professor Mohamad H. Hassoun 30
Copyright 2000



Examples of Inductors

o , High Current
Toroid Inductor
71\

Air Core Inductors

| Molded Inductor
ImH (R = 2.9Q)

\

S| 0.1mH RF Choke
] (R =0.39, 2A, 10%)

Transformer ﬂ T

~

AT,

U

TRANSPOWER
CT9312 1
@ NRTLIC 1295

Professor Mohamad H. Hassoun
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Some Inductor Types and Applications
Molded Inductors Air Coils

High-Current Chokes

Professor Mohamad H. Hassoun 32
Copyright 2000



Circuit Symbol for an Inductor

*p':J_',é
dt

The passive sign convention for an inductor requires the
current to flow into the positive terminal as shown in the
figure.

An ideal inductor is a coil wound with resistanceless wire. When
time-varying current passes through the inductor, energy is stored
in the magnetic field around the coil.

Professor Mohamad H. Hassoun 33
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Inductor Current Continuity Property

di
v=L—

dt

An abrupt (or instantaneous) change in current is impossible
since an infinite voltage would be required. This means that the
inductor current must be continuous:

()= i) forall £

Note that the voltage across an
inductor can change instantaneously.

Professor Mohamad H. Hassoun 34
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Example:

di
v=L—
dt

Find the voltage across the inductor, L= 0.1 H, when the current
in the inductor is:

1 =10t +5 A
di
.’:L—: ==
1 > (0.1)10)=1V

Professor Mohamad H. Hassoun 35
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Current-voltage Relationship for an inductor

The current in an inductor in ferms of the voltage across it may be
determined by integrating the relationship

V:L§

from #yto ¢. g
di =~ dt

L

i
i(t)= 1 [vdT +i(fp)
L;D

Professor Mohamad H. Hassoun 36
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Current-voltage Relationship for an inductor

i(t)= % .ftvdr+z'(1‘0)

Iy

Example: Consider an inductor with Z = 0.1 H and i(0) = 2 A. Find the

- inductor current for the following inductor voltage.

2 Solution: Curr'en‘r betweent = 0 and 2

z(f)_ I2d-r+ 2 :

° ’ '(S)/ Current for' t>2 [z 2
45 z(r)_o—fo(ir+z(2) 42 A.
I
I
I
I
2 |
0 2 [(S) m—
Professor Mohamad H. Hassoun 37
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Series and parallel Inductors

O—t Y'Y Y Y'Y ... YV

LS = Ll +J[-2+"'+J['i‘"f

:@2
i(fo), y i2(to)] in ()]
L Ly Ly
parallel
i(t0) = i1 (f0) + 2 (fg) + -+ iny ()| | == = = 4+ = e g =
0 R 2840 NAO I’P Ll Ll ":N

Professor Mohamad H. Hassoun 38
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Your turn: Show [analytically, employing the inductor’s v — i

relationship i; (t) = % | Ot v, (t)dt + i, (0)] that two parallel inductors

with initial currents i, (0) and iy, (0) combine into a single inductor
1 1,1 : . .

Leq where — = o + T and iy, (0) =i, (0) +i.,(0).

Your turn: Repeat the above problem for the case of two inductors
placed 1n series with existing initial currents.

Professor Mohamad H. Hassoun 39
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Example:

Series and parallel Inductors

Find the equivalent inductance for the
following circuit. Assume all initial

inductor currents are zero (why?).
All inductances are in H

LS = Ll —I—Lz—l—”'—l—ﬁﬁr

()=
5A 4

Professor Mohamad H. Hassoun
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2
(5)20) _,
5+ 20

3

2+4+3=90
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DC Steady-State Property of Inductors

di
v=L—

dt

Consider a circuit with L,R, ¢ and dc sources.

If the circuit stays for a very long time without any switching
taking place (i.e, circuit is in steady-state mode), then every
inductor behaves as a short circuit. This is because all currents
in the circuit would be constants and their derivatives are zero.

Professor Mohamad H. Hassoun 41
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DC Steady-State Property of Inductors

Example: 2 Q >r 3Q

Find the inductor 0
current at t= O and O, - .
Assume that the switch 10V Z Ve T

has been closed for a
very long time.

Solution: 2 Q) 3Q

Circuit operates under dc
steady-state mode for negative
time (close to zero), since

source is dc and switch has been
closed for along time.

Ve(0) }i©)

4 -
Circuitatt=0

Therefore, the capacitor
behaves as open circuit and the
inductor behaves as a short

By ohm's law:
i(t=0)=10/(2+3)=2 A

By inductor current continuity:

circuit. (= d) - i (1= 0) W(t=)=7?

Professor Mohamad H. Hassoun 42
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Energy Storage in an Inductor

The power in an inductor is

¢ d-‘\
p=vi= LL E;,Jj

The energy stored in the inductor (stored in the magnetic field) is

f i(t) i)
w= | pdr=1L [idi= éfz = %Lz’z since i(—»)=0.
o iCa) = ) 2
W= %L:’j

Note that w(#) = 0 for all #[or all i(¥)] so the inductor is a
passive element: It does not generate or dissipate energy

but only stores enery.

Professor Mohamad H. Hassoun 43
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Energy Storage in an Inductor

(., di). 1
p:v::‘;’_’,—z W= —
dt) 2

2
Li

Example:

Find the power and energy for an inductor of 0.1 H when the current is
as shown.

20t

20 2
i(A) P

1 t(s) = 71 £(S) ==

p (W)

T¢(s) —» 0 T t(s) —

Professor Mohamad H. Hassoun 44
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Your turn: The voltage across an inductor of inductance L is the
triangular pulse shown below. Determine the current i(t), power p(t)

and energy w(t) stored in the inductor , for 0 < t < co. Employ Mathcad
to plot these functions (assume L = 1H).

e(r) i(r)

1

L

_l/
. el

NI__
~

O
i
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Inductors: Summary of Main Results i
-

[
i()= % [vdr +i(ty)

Iy

2 i
;M N4 v:Lﬂ
[+0.45d dt
di
p=vi= (L—]z' _1,2
At W 2Lz

w@® = [ p@drrwe)|  [pO =5

o

The current throught an
inductor cannot change
instantaneously:

i(fg )= i(fy) for all #

Note that the voltage across an
inductor can change instantaneously.

Circuit Symbol
for an inductor

series
Ly=L1+1yp+ -+ Ly inductors
1 1 1 1 [parallel
Lp - L T I +m+a inductors

The inductor behaves a s a short
circuit under pure dc excitation and
assuming steady-state operation.

Professor Mohamad H. Hassoun 46
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More Realistic Models of a Coil of Wire

It must be understood the models of the resistor, capacitor and
inductor that were considered so far are idealizations of some
physical components. A physical component may sometimes be
approximated by one of the ideal elements, but, more often, a
combination of ideal element are needed to represent a physical
component with any degree of accuracy. As an example, the
clectrical behavior of a coil of wire may, under appropriate
conditions, be approximated by an ideal inductor. The coil,
however, is made of a metallic conductor and, hence, will have
resistance as well. But even this may not be adequate in some
cases. Since the turns which make up the coil are conductors in
close proximity, there will be some capacitance between the
turns. The following figure depicts the three such models of a

coil.
a a a & o=
et ‘R R
L L —~C L
[ o et b o

A coil of wire and its three different models

47



Total Stored Energy in a DC Steady-State Circuit

If an RLC circuit is driven by pure (independent and dependent) DC
sources then in the limit t — oo the circuit will enter DC steady-state
operation and the capacitor will behave as an open circuit and the
inductor will behave as a short circuit. The total energy stored in the
circuit is the sum of the energies stored in all capacitors and inductors.
This energy is constant under DC steady-state operation. The following
example illustrates these ideas.

Example. Find the total energy stored in the following circuit at t — co.

6 () L, =2mH 30 L,=4mH
® AARS —/ \\A A S
C,=20pF -~ C, = 50 uF |
9V 1= — 36 ()
3A
& & &
Professor Mohamad H. Hassoun 48
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Total Stored Energy in a DC Steady-State Circuit
(Example Cont.)

This circuit has only dc sources. Based on our earlier discussions about capacitors and induc-
tors and constant sources, we can replace the capacitors with open circuits and the inductors
with short circuits.

6 Q) Iy A 3Q s

6 ()

This resistive circuit can now be solved using any of the techniques we have learned in
earlier chapters. If we apply KCL at node A, we get

sz = ILl +3
Applying KVL around the outside of the circuit yields
6!-” + 31'3‘2 + '6)';2 =9

Solving these equations yields /;; = —1.2 A and I}, = 1.8 A. The voltages V¢, and V, can
be calculated from the currents:
VCZ — 6[_;_2 = 6([.8] = 0.8V

49



Total Stored Energy in a DC Steady-State Circuit
(Example Cont.)

The total energy stored in the circuit is the sum of the energy stored in the two inductors and
two capacitors:

wy ==2 X 107)(—1.2)>= 1.44 m]

1

2
Wil %(4 X 107%)(1.8)> = 6.48 mJ
= %(20 X 107%)(16.2)> = 2.62 mJ
Wy = % (50 X 107%)(10.8)* = 2.92 mJ

The total stored energy 1s 13.46 mJ.

Power and energy considerations for capacitors and
inductors operating in DC steady-state:

. . 1
i. = 0 and v, is constant - p. =0, w, = Ech = constant.

.. 1 ..
v, = 0and i, is constant > p, =0, w, = ECLE = constant.
Professor Mohamad H. Hassoun 50
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Computing Initial Conditions: Example

ot .ot
Find 77 (07), v,(0™), d“’(go ), and dlL(go ) for the following circuit.
. 7t it
) + H
We will use v (0) to denote e (1)
dt dr 1. g

Assume dc steady-state operation for t < 0.

Switch 2

O/
Switch 1 2 A
2 Q 1Q
AAAY 0 WA
10V Ve T 1{2 F 1T H
Professor Mohamad H. Hassoun 51
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Computing Initial Conditions: Example

Solution

First, we redraw the
circuit for = 0" and we
assume dc steady-state

operation.
2 A ; 10V
)

—

./

In order to find the derivatives

with the circuit at ¢ = 0Of

Switch 2

¢ .“‘—:'-:.
Switch 1 ¢ A
1Q
A'A'A"
+
Ve wrm /2 F 1H

i7(07)=i7(07)=0

v (07) = v,(07 )= -(2)(1) = -2 V.

dve (07)

, and
dt

Continuity conditions
are employed

dir,(0")
dt

we need to deal

Professor Mohamad H. Hassoun 52
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Computing Initial Conditions: Example

Solution (cont.)

ot .t
In order to find the derivatives M’ and dip(0") we need to deal
with the circuit at ¢= 07 dt dt I =1
2Q 45 10 )
Recall that: AM——AAN l - C =
v, v, (01) I (0™) + i7 (07)
== , — f— L ) +
e=C—r S0 — o 10V v (0N == o v .0")
Similarly for the inductor: .V"[O )
dip  dip(07) vz (0") ot -
vy = 2L g9 L _ YL ir(0°)=0 v (0 = -2
L= it L 2070 (0
Using KVL for RHS mesh: Using KCL at node a:
vz (07) = (0)+(Dig (07) =0 N e 1. (07)=10
+ + N lo (0 ) + fL(O )-I- & =0
vp(07) = v, ()= iy (1) = -2V ) 2
| N i»(0")=6 A
dip©") _vy(O)_ , A +y oot
Jt Ji -8 dvb(()):zc.(() ): 6 -V
dt C 1/2 S
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Inductive Kick

Inductive kick 1s very common 1n motors because of the coils (inductors)
in them. When there 1s an abrupt change in the current (large sudden
change) of a coil a high voltage spike will develop due to the inductor

equation v; = L %.

If you have a large fan at home, go to a dark room 1n your house and
turn the fan on. Then, very quickly, pull the plug off from the electric
outlet. You will notice a spark develop between the ends of the fan’s

plug. This spark (light and heat) 1s an instantaneous release of the
energy stored 1n the inductor (£ = %Li 2). When the fan’s plug is quickly

disconnected, the voltage across the inductor 1s very large (equals to
L %) and 1t shows across the terminals of the plug. This high voltage

1onizes the air i the gap between the plug electrodes and a large (short
lived) current will flow 1n the gap causing a spark. This 1s a small scale
phenomenon of a storm lightening.
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Inductive Kick

Inductive kick can be very harmful to electronic circuits, but there are
ways to prevent it. However, inductive kick can be used to our
advantage in some circuits. A classic circuit referred to as a Joule thief 1s
shown below. It allows an almost dead 1.5V battery to switch on an
LED that otherwise would have required two or more volts to glow.

1.5-V battery =t

(can be “used up”)

1 kO

transformer

LED
2N3904 @

Explore more:

Ignition coil circuit

Relay/capacitor oscillator
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Watch video

Click here to learn more

How to build a Joule Thief

Multisim Circuit
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joule_thief.pdf
joule_thief.pdf
https://www.youtube.com/watch?v=0GVLnyTdqkg
https://www.youtube.com/watch?v=0GVLnyTdqkg
joule_thief_circuit.ms10
joule_thief_circuit.ms10
https://www.youtube.com/watch?v=WuG4nOyF99s
https://www.youtube.com/watch?v=WuG4nOyF99s
https://www.youtube.com/watch?v=KIyZQLpQVqI
https://www.youtube.com/watch?v=KIyZQLpQVqI
https://youtu.be/gTAqGKt64WM
https://youtu.be/gTAqGKt64WM

Joule Thief Circuit

RIGOL TP H s00ns Zhncae T|

Horizonta
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