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Ever-charging signal pairs
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Positive and Negative Charging
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Negative Charging from V_,and 0
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Positive and Negative Charging
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Time Reversal

V_ cannot change abruptly

[ time reversal ]
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(+) and (-) Charging
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(+) charging / (-) charging
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Ideal Voltage V_and |_
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Sinusoidal V_and I_
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Sinusoidal V_and I
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Sinusoidal V. and I_
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Three States
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Capacitor Current

positive charge  insulator negative charge
(positive ions) ~ (free electrons)

\\

electrons leave electrons accumulate

No actual electrons movement
across insulator materials

- -
But, think as Displacement Current
flows through the capacitor
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Positive ions and free electrons

positive charge  insulator negative charge
(positive ions) _(free electrons)
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Three States

positive charge
(positive ions)

negative charge
(free electrons)

Positively Charged State
fully charged - no current

Negatively Charged State
fully charged — no current

o0
i)
i)
i)

Fully Discharged State
possible large current
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Currents in the Fully Discharged State

large current
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Initially no current

Fully Discharged State

Fully Discharged State

This state can flow
large current
in either direction
depending on the
voltage change

large current
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Inter-State Current Flowing

Under Positively Charging Under Negatively Charging
(+) current flow (-) current flow
direction direction
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Inter-State Current Flowing

Fully Discharged State Under Positively Charging Positively Charged State
(+) current flow direction (+) current flow direction
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Inter-State Current Flowing

Fully Discharged State Under Negatively Charging Negatively Charged State

(—) current flow direction (-) current flow direction
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An AC Voltage Source
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Continuous (Ever-) Charing Operations

Incremental Voltage Increment == + Charging incrementally
Incremental Voltage Decrement == — Charging incrementally

+ charging - charging - charging + charging
incrementally incrementally  incrementally incrementally
+ charging - discharging - charging + discharging
incrementally incrementally incrementally  incrementally
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Superposition

- charging + charging + charging - charging
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Superposition - Small Time Constant
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Difference, Differentiation
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Continuous Charing and Discharging Operations

+ charging - charging - charging + charging

incrementally incrementally incrementally incrementally
i _ Young Won Lim
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Incrementally Charging

- charging + charging - charging
incrementally incrementally incrementally
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An AC Voltage Source

~<. Fully Discharged State

Under Positively Charging

> Positively Charged State

/Under Negatively Charging

Fully Discharged State

Under Negatively Charging
Negatively Charged State
Under Positively Charging

Fully Discharged State
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Fully Charged and Fully Discharged

Fully +
Charged

Fu Llly
Discharged Discharge ischarged

Fully -
Charged

(+) Charging (-) Charging (=) Charging (+) Charging

(+) Current (=) Current (=) Current (+) Current
(+) Charging - (=) Charging () Discharging
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A Cycle
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State Transition Diagram
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Current Flow

Positive Charged State

—)

Fully Discharged State Fully Discharged State

—)

Negative Charged State
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Fully Discharged : Large Current

Fully Discharged State Fully Discharged State
large current large current

Enough space for
large movement of charges

This state can flow
large current
In either direction

Fully +
Charged
dv.|
=1 (max value)
Fully Fu Fully dt
Discharged Discharge isclharged
Fully -
Charged
i _ Young Won Lim
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Fully Charged : Zero Current

Positively Charged State Negatively Charged State
fully charged — no current fully charged — no current
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Ssie2 IR C.C: Ngrr?]\,(\)ﬂrjee gpace
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At i1
Fully +
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=0 (min value)
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Incrementally, Charging Positively
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v(t,)<0 v(t,)<0 v(ty) <0 v(t,)>0 v(t.)>0
v'(t,)>0 v'(t,) >0 v'(t,)>0 v'(t,)>0 v'(t;) >0
Av(t,)>0 Av(t,)>0 Av(t,)>0 Av(t,) >0 Av(t,)>0
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Incrementally, Charging Positively
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Av(t,)>0 Av(t,)>0 Av(t,)>0 v(t,)>0 Av(t,)>0
excess positive equilibrium positive  excess
electrons ions ilons electrons
Av(t,)>0 v(t,)> Av(t,) >0 Av(t)>0
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Incrementally, Charging Negatively
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Incrementally, Charging Negatively
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Difference of Samples

y(t) = sin(t)

y[n] =sin(nT)

yln]=y[n+1] =sin(nT)-sin((n+1)T)

yln]-yln+1]  dy

oC

T dt
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Fully Charged and Fully Discharged

h = bar(tl, [yl' y2'],
"stacked")

set(h(1), "facecolor", "g");
set(h(2), "facecolor", "y");
hold on

plot(tl, y1)

axis([0 pi]);

y[nl—y[n+1]= y(nT)=y((n+1)T)=sin(nT)—sin((n+1)T)
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Fully Charged and Fully Discharged

- -
0/ Fully + - g g in
|/ chages \y(t)=sin(t) . h = bar(tl, y2/t(2), "hist")
5 5 ] set(h(1), "facecolor", "y");
05 .............. e e ) 1 hold on

plot(tl, y1)

rﬁ axis([0 7 -1 11);
. : | | 5 | :
Aull 5 FLUl i - Full
Disc*llja?/ged \—I—‘; [)is:t:ej})ed J_r Dj crl:a?/ged y[n]_y [Tl"‘l]

05 ~ --------------- | _ TESTCTRPE A IRt .
y i ; ' d
N ~\ Fully - oC @y
Be ||~ i\ Charged dt
-1 S ‘ I
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t = linspace(0, pi*2, 50);
5 a a ; i i tl =4t
os b\ T — — T 12 =t +t(2);
é i i i i i yl = sin(tl);
y2 = sin(t2) - sin(tl);
& stem(tl, y2)
JT7799%¢00, hold on
plot(tl, y1)
yln]-y[n+1]= y(nT)—y((n+1)T)=sin(nT)—sin((n+1)T)
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Fully Charged and Fully Discharged

.
0.5 /
0 clf

05 / t = linspace(0, pi*2, 50);
1 : ' ' ' ' o tl =t

0] 1 2 3 4 5 6 7

t2 =t + t(2);
0.2 ; | : : . : yl = sin(tl);
018 1 y2 =sin(t2) - sin(tl);
003 _TTTTTTT%%%&%M J)J)J)J)W”QMTTTTTTTT | V- Zl.r’]‘(-(zoz*f;z)
-0.05 [ . 4 = ’ :
02112 | MMM‘LM | . 3;5 = ;Zr(][\ll?llength(tl)]);
subplot(3, 1, 2);
0154 | | | | | | ] stem(tl, y2)
slllMee,, et subplot(s. 1, )
o g | oy
| . 3 ‘ : o > plot(tl, y3);
subplot(3, 1, 3);
stem(tl, y5);
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Pulse
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Time Constants

Capacitor - AC

RC small time constant

RC medium time constant

RC large time constant
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Time Constants

Young Won Lim
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Time Constants
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1
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ic(t) \/
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Time Constants
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1
[ —— > R
arge — -

Fully Capacitative
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1
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Superposition - Small Time Constant

g - Jﬁf Jrﬁ
_[ﬁ_ﬂﬁﬁ¥ o
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Small Time Constants
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Superposition - Large Time Constant

g =T T 0 ﬁr = ﬁrz
L AR Al
= e
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Large Time Constants

- 1
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Time Constants

small T
small C

1
[ — > R
arge — =

Fully Capacitative

large T
large C

smallL < R
wC

B -

Fully Resistive
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Plotting superposition results

clf svec = zeros(1, NN): subplot(4, 1, 2);

t = linspace(0, pi*2, 50); fori = 1:NN: stem(tl, y2)

tt= linspace(0, pi*2, 500); tvec = zeros(1, NN); subplot(4, 1, 1);

N = length(t); tvec = [zeros(1, i-1), yy3]; hold on

NN= length(tt); tvec = yy2(i) * tvec(1:NN); Plot(tl, yl);
svec = svec + tvec: plot(tt, yy3);

tl =t endfor subplot(4, 1, 3);

t2 = [t(2:N), t(N)]; yy4 = svec; stem(tl, y5); hold on

yl = sin(tl); % yy4= conv(yy2, yy3); plot(tt, yy5)

y2 = sin(t2) - sin(t1); y5 = yy4([1:NN/N:NN1); subplot(4, 1, 4);

yy5= yy4([1:NN]); plot(yy4);

yy = [y1l; zeros(NN/N-1, N)I;

yy2=yy(:)"

a = 1/300;

yy3= e.” (-a*tt);
yy3 =yy3 - [zeros(1, NN/N),
e.”(-a*tt)](1:NN);
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Small Time Constant

= [y1,
zeros(NN/N-1, N)JI;

]
0.5% yy2=yy(:)’;

0 a = 300;
-0;5. 1 l l I / I yy3= e'A(-a*tt);

1 2 3 4 5 6 7

—

’ yy3 =yy3 -
nggc l . [zeros(1, NN/N),
o TT?TT?W%%OM WOQ@@@?????TTT : e. ™ (-a*tt) [(1:NN);
o $$$$$$$$$$$$$$ :
-0'20 1 2 4 5 6 7 T = RC
R [ e_% = e_RLC
o%g(TTTTTTT??@oQOUbb aﬁoonaqﬂﬂﬂﬂﬂ?TTT
ot L I

0 1 2 4 5 6 7 Small C,
o ' ' ' ' f 1
:QOF;%E_AARLUAAAAJ; '*HVH”H””HHH“ ,AAAAALUAAE Iargeﬁ
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Large Time Constant

yy = [yl;
1 zeros(NN/N-1, N)I;

0.5 1

yy2=yy(:)";

'°'2E/ . a = 1/300;

-16 1 P 3 4 5 6 7 yy§= e-;('a*tt);
YY> =Yyo -

B ] zeros(1, NN/N),
g%gc TT?TT??@QOQOC@ @ooga@?????T?TT ] [e A('ag(tt)](l : N?\I)
B *5000084bbbbbbbe00° ] ’
ha 1 2 3 4 5 6 7 T = RC

t
A T T T T _t 5~

0.13(: m W | e ' — e RC

05 1

1 15 i | | | | - UI 1 ] large T

0 1 2 3 4 5 6 7
1 large C

og ;_,_,f - 1

0.5 . small (D—

A F -

19 0 100 200 300 400 500
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Envelope of the samples

ve(t) /\/ v (t) /\/
iot) \/ i (1) /\/

vc(t) _O:g 7' / Vc(t) -0-:]/\ /
L I 090000, | I T I71929000,, | seosppftOfiTt
A N e e |
T T :
dr g s
i (t) 3%§5nhmm I | | eI i (t) e \_/
C 03 | ”.””H“”. | ] C osr | | . : ]
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Evercharging signal pairs

0@ O<e o0 Oeo— *~— O
0P =)0 o—) Oe—» o— o
&)
©

0P e o) Oo— o P o —00) O=e

| |@o—> <-—e() O=—e

charge discharge

charge discharge
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| leads V by 90°

Initial Eull | V4
charge charge
SHORT OPEN
V=0 1=0
I': peak V : peak
Capacitor - AC 6 1 Young Won Lim
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Evercharging signal pairs

“—o® S-—e Ceo—> o— @| |@o—> <-—e()
0P =)0 Oe—» o O P o—» <—o)
) )0 O o— @ o— -—0()
-0 E-o Oo— o O Peo— —0(0)
charge discharge
charge discharge
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Evercharging signal pairs

A Ak Ak
|||HH
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Evercharging signal pairs

decreasing increasing decreasing increasing decreasing increasing
|
d Ve I
dt
i v
. .. . . - (03 L
negative positive charge discharge negative positive

M- -

charge discharge
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