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Chapter 1. Power measurements

Hello,
| am starting a series of posts about FE research b asics.
As a start topic, let's consider some typical mista kes when power

measurements performed.

Here an example of message from overunity.com (it i s from 2007 but you still
can occasionally re-posted by somebody).

Diglectic EMF Recycler

b =44

C C
Il 1 3
STEP B STEP C
(o] ﬂ} {1 CQJ_
Bl til Bl =)
cz 4
T ]

If B1 and B2 are equal valued resisters
How can B1 be warm when B2 is cold?

A printer port controls the relayis1-f)
The per step time is 2ms.

One cycle is steps ABCBCB. Then repeat.

Current is drained from the battery for 2ms
every 12ms.

When small light bulbs replaced R1 and R2,
R? glowed for a few seconds as R1 lit up.

It then ran with R1 bright and B2 dark

It ran untill | stopped it. Many days...

How can R1 hecome warm when B2 stays cool ? ? 2
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Another similar device, looks like Bedini’'s Tesla s witch.

Here a photo of working device ©
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| ) A
é Magic Bax ;"’" H":
Te 7\
In other words, author said “Hey, | have one bulb i n series with power
supply and one on the output of my magic box. See, first lamp is just
glowing, and second one is shining bright. | got OU 1"
| am sure that everyone has seen such claims made b y different people with
different devices many many times.
Magic Box #1
Let's take a look inside a "magic box" ;-)
To simplify simulation | am using alternative curre nt and... just an regular

step-down transformer (1:10) as a "magic box" ;-)

| am also using resistors instead of light bulbs.

pic. Magic Box design



250ma
200ma
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pic.1 You can see that both voltage and current are
comparison to R1

|
— V[NDD2,NDO1)*I[R1)

Oms Tms Zms Ims Ams

pic.2 So also power on R2 greater than on R1 (about
example) and if there will be lamps one would glow
bright...

Waveform: ¥(NDD x| Waveform: ¥(NOD

Ems

greater on R2in

Gms

10 times in this
and second one would be

x| waveform: ¥{ur2

|nterval Start: |Els

Interval End: |'| Om=

Average: "255. BErmiA"

Interwal Start: |I:Is Interval Start: |Els
Inter+al End: |'I Oz Inter+al End: |1 Oz
Ayerage: |-323.3I‘I‘|"-.-'-.-" Average: "2?'.21 A
Integral: |-3.233m) Irtegral: [272.14n

However there is a bad news :-) Power on R1 is not
provided by power source V1. And original author's

Irtegral. |2 E565m.)

the same as power
assumption that inserting



a light bulb in series with device could help compa
power is obviously wrong.

As it was expected in this setup all power comes fr
sum of power on R1 and R2 (not taking into account
transformer).

I let you as an "exercise" to design a "magic box"
but with direct current :-)

Light bulbs

| used resistor in my previous post, now let's take
bulb as a load.

Many people use light bulbs as a load and often try
power based on bulb's brightness. You see it almost
where somebody showing its FE device.

There are 3 things that one has to remember about |

1. Bulbs have non-linear resistance; it depends on
bulb

See this:
Vs Amps Resistance
0.63 0.032 19.69
2 0.079 2532
45 0.115 39.13
9.7 0.15 64.67
11.46 0.16 71.63
19.7 0.2 98.50
437 0.29 150.69
604 0.35 172.57
827 0.414 199.76
97 0.45 21556
109 0.48 227.08
12486 0.515 24194
140 0.547 25594
157 0.584 268.84
170 0.61 27869

ring input vs. output

om V1 and it is equal to
loses in the

which works similar way

a closer look on light

ing to estimate output
in every Youtube video

ight bulbs:

voltage applied to the

FPower Watts
0.02016
0.158
0.5175
1455
1.8336
3.94
12.673
21.14
34 2378
43.65
h2.32
B54.169
76.58
91.688
103.7

Tab.1 Bulb's resistance vs. voltage



Resistance Ohms

and this

Current Amps

300.00

250.00

2
3
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100.00

50.00

0.00

0.7

60 Watt Bulb Resistance Vs. Voltage

-

L

F 3

50 100 150
Voltage Vrms

pic. 1 Bulb's resistance vs. voltage

60 Watt Bulb Current Vs. Voltage

06

05

04

03

0.2

012

50 100 180
Voltage Vrms

pic.2a Bulb's current vs. voltage



60 Watt Bulb Power Vs. Voltage
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pic2b. Power vs. voltage

(original document can be found here
http://site.devicecraft.com/ApplicationNotes/60 wat

t Incandescent Bulb Chara

cteristics.pdf )

2. Bulb's brightness also non-linearly depends on v
and it also changing with the lamp's age.
See this <  http://www.photometrictesting.co.uk/File/lamp_depre

oltage (and frequency)

ciation.php >

3. Bulbs have "inertia". This means that it takes m
until current thru the lamp became stable when cons

All these properties make accurate power estimation
brightness very difficult.

Gustavo mentioned that bulb can be used as a curren
common application but one always has to remember a
Many sensitive circuits can blow up completely whil

P.S. Perhaps it would be interesting to make experi
nonlinearities.

illiseconds or seconds
tant voltage applied.

based on light bulb's

t limiter. It's a quite
bout bulbs "inertia”.
e lamp is warming up :-)

ment and study bulb's

10



Measuring power in AC circuits

Another interesting topic is Measuring power in AC

Let's consider a practical example.
You have some circuit, it produce some power on the
resistor and observing voltage on it with oscillosc

Here example picture (from my TV research)

il Trig'd
+

Tek A

CH1 2,00% CHZ 1.00¥

Let's assume that load is 10 ohm resistor and peak-
5.28v (channel one on the picture)

What is an output power here?

Let's use Ohm's law and calculate ;-)
I=U/R
P=U*I=U 2/R=5.28*5.28/10=2.78 W
Ok, did you get OU? Ha, ha, perhaps :-)

After thinking a while you remember that it was act

voltage... so to get number comparable with DC you
2.... Oh no! Actually by 4 (because thereis U * U

M Pos: =200,0,us

P4 S.00ms
16=May=10 08:25
pic.1 Sample waveform

circuits.

output. You put a load
ope.

MEASURE
CH1
Pk=Pk

C A0 ||"|.

Wil it

CH1
Freq

98.63Hz

CH1
Y Mone

f

M2
Pk~Pk

GE0mY

CH1 ™ 0.00V

8. 7397Hz

to-peak voltage on it

ually peak-to-peak
have to divide result by
in the formula)

11



Soitwillbe P=2.78/4=0.69 W (is it still OU ?5-)

After thinking one more moment, you probably rememb er that you also have to
use RMS coefficient, so... again divide by two squa re root of 2, or

P=069/ V2/ V2 =0.34W (whata disappointment! :-)
And if we collect everything in one formula we get P =Upk*Upk/R/8.

This coefficient ( \/5) depends on signal shape.

Here some reading about RMS
https://en.wikipedia.org/wiki/Root_mean_square

and an example simulation to consider

V(NOD1)*1[R1)

2I]ms 3I]ms 4I]ms 5l]ms ?I]ms BI]ms BI]ms 100ms

Waveform: ¥(NOD x|

............ R1 S Interval Start: ||:Is

Lo . . e e s e e e s ------- Interval End: |'||:I|:Im$
= | N

........ Ayerage: |'I 2250
"""" Integral [122.5m

Waveform: Y{NDD x|

|nterval Start: |Els

Interval End: |1 D0z
Average: [[1.2495w
Integral: |124.95m.)

pic. Comparison of power in DC and AC

12



Magic Box #2

And last thing | can't leave without our attention in this thread - yet
another "magic box" case :-)

a.k.a. Power consumption drop under load.

Have you ever met a person who claims: "Hey guys, | made amazing device.
When | put load on it actual power consumption is d ropped. This is a
straight way to over unity!"

He, he... | have met many...

So let's consider another magic box (version 2)

(a)}V— }
S
1+ (g) Magic Box no load
T o 2
B Y
" [ |
(A)}— }
S
—_i Cu:) Magic Box ®
T U- 2
B
" [ 1
pic.1 Magic Box #2 concept
In first case (top picture), power source is drivin g only the Magic Box.
When we attach some load (bottom picture), amazing| Y, power consumption

decreases even some power goes into load.

Ok, can we make such "magic box"? Sure, we can :-) Here my design. | am
again being lazy and do it for AC, you can build DC version yourself.

13



- SIME(D 40 50325) -

1
b ocoo o oo o oo o oo oo o o B

. trand S0ms= 45ms.

________________________

CSINED 10 5035) .

1.0ms 1.5ms 2.0ms 2.5ms
pic.2 Magic box design and simulation

R1 .
1k -

14



V ll

Waveform: ¥{ul)*

|'|'I'||| |

||j ||| u

|I'I ||
|| |||
|||‘

1
||| L'JLI

pic.3 Power measurements

x| Waveform: ¥{uz)*

Interval Start: ||:Is

|nterval Start:

Interval End: |5m$

Interval End:

Byerage:; |-23.589’W’

Average:;

Integral: |-117.94m)

After all, do you think it was

|ntegral:

"wrong way"? ;-)

Viul)*Iv1)

||u|u

|EI$

|5m$

F41.76m

|-208. 3o

15



Chapter 2. Flyback

Hello,

I am continuing the "entertainment” and starting ne
circuit, its properties and applications.

A word before going into details...

After doing FE research for some time | realized th

- Mathematics don't care about reality

- Electronics don't care about anything, it just us
components with known properties

- Modern Physics unfortunately forget almost at the
and goes deep into math and spend most of the time
And we have to bind all three together, fix when ne
our needs. While doing electronics we need perfect
involved and we need math to do calculations. Somet
challenge.

Flyback usually consists of two coils. Let’s start

81

my SW

w thread about Flyback

at
e ready available

beginning about reality
writing formulas :-)
cessary and make serve
understanding of physics
imes it's a real

with one.

PULSED 10 1005 T0ns 18)

adat iy sRon=0.01 Rofi= 6 -0

Sran Tims.

'pié 1. Puléing an inductor

R Bt T
O.ms 0.2ma

When we turn switch on current begin grow until it
depends on power supply voltage and coil’s internal
Rcoil)

pic 2. Current thru L1

0.6ms O.Bms

reach maximum value which
resistance (Imax =U/

16



This “grow” is exponential as it shown on pic.2, ho wever in practice usually
we will be using only very beginning of the process so current grow will be
almost linear (see region t < 0.1ms).

It is often said that current thru coil can’'t chang e “fast” or “momentary”.
This is not exactly true as we will see soon. While current grows magnetic
field also “building up” and some energy being “sto red” in magnetic field

across the coil (E=L*1*1/2)

If we disconnect coil from power source, current th ru coil stops abruptly,
so magnet field collapse and big voltage spike appe ars across the coil (if
no load connected).

0.8KY

pic.3 Switching off

This process can be seen on pic.3, “size” of voltag e spike across the caoll
depends on coils parameters (capacitance, internal resistance etc.)

17



M Pos: 0.000s

i
i
| \ F

o]
. ;‘ (W ;
et . T T L ] Mlar

pic.4 Same process observed in real schematic with oscilloscope

2@t

11
L]

22k ek rea

+12u
14

Hu 3y 2 Bl u
»| cDagn 1 o2 ¢|cbear1 o2 | cant ot cﬁqan pid

7 | @adpF

pls. width i

pic5. Here an example schematic which can be used f or this experiment

And here some links with info to consider:
http://www.electronics-tutorials.ws/electromagnetis m/magnetism.html
http://hyperphysics.phy-astr.gsu.edu/hbase/electric /indsol.html

18



Flyback circuit

As we saw in previous post, when we disconnect powe r supply energy stored in
magnetic fields "disappears" (from our circuit). Th is is not very good, so
let's add another coil and "capture" this energy ba ck:-)

V{ull)

100v

. .modeél mysw sw(Ron=1mRaoff=1Gvt=05). -~ " . . D000l
pic.1 This a typical Flyback setup.

Diode in the secondary needed to prevent current th ru the load during first
working phase when energy “stored” into magnetic fi eld. In the second phase,
collapsing magnetic field creates voltage on the se condary coil and if there
is a load connected; current begins to flow (almost immediately). This
current creates own magnetic field which oppose to original field. It is
interesting that the lower load resistance the high er current will be in
secondary and stronger field it creates, therefore the longer (wider) output
pulse will be. Another interesting feature is that fly back always draws

19



same power from power supply independently what loa d applied to secondary,
it also does not “afraid” of shorting output.

This kind of setup used in many different variation s in nowadays power
supplies.

Here some interesting is reading about flyback:
http://www.dos4ever.com/flyback/flyback.html
http://www.ti.com/lit/ml/slup261/slup261.pdf

Looping flyback

As we discussed earlier, we “put” some energy into magnetic field with
primary coil and then “collect” it back with second ary coil. By some reason
people tend to think that we can get out here more than we put in.

Just imagine, you put some water in a cup and when you drink it appeared
that there is more water than you put in.

Wouldn't it be nice to have such magic cup ©

Ha, ha, anyway, people keep trying and | can't resi st give it a try as well...

Bus 10us 12us 14us

20



pic.1 Simulation of “looped flyback”

Notice power supply and coils current values ;-)

ple.width

k2

pic.2 Experiment’s schematic

21



(B)

M Pas: =1.000 us

pic4. Switch control pulse (A) and voltage in point (C) = current thru coil
L1 (Spikes at the beginning of the pulse caused by MOSFET gate charging
process)

M Pos: =1.0000us MEASLRE

pic5. Switch control pulse (A) and voltage in poit (D) = current thru coil

L2

22



-

pic6. Experimental setup (some components are not u
As simulation show, this setup consumes very small

depends on pulse width and coils and can be used to
ferrite.

Trying harder...

Somebody probably say: "You not being serious and y
Ha! ha! Being serious will not help us ©

Here similar “Flyback looped” setup | tried earlier

Indlag

i

5
= ;AT
coaas 1 o
: W

gl §
; 8.,
of CO4EI I

- b .11 =
1o CT4@1 1

sed in this experiment)

current 100uA — 5mA
measure loses in

ou not trying hard!"

i

23



N ETied
-

CHl 200V CH2 100V M 500 us CH1 50
15-Jun=10 2112 559252+

picl. One of the earlier trials

The issue with flybacks is diode in secondary, volt
capacitance and limited turn-on time (delay). Addin
series sometimes can help to “handle” current spike

Decreasing capacitor connected to power gives possi
transferred from secondary.

one of earlier versions of “looped

22

flyback

“vellow” channel = secondary

“blue” channel 15 a power supply
(+1T) connected to lab power supply
thru diode. ..

Motice ground level on the picture -

age drop on it, internal
g small inductor in
S.

bility observe how power

24



Simulating flyback

Despite that currents in primary and secondary wind ing never exists at the
same time, if we start changing number of turns (an d therefore inductance)
of primary and secondary, Flyback will behave in a similar way as "regular”
transformer. We can gain voltage or current but not both :-)

K12L1L2099

cy

10

L
: By, R [ S e e N e
‘iT7 .. . . . . ., . PULSE{0 1000526 30e-6)
©model mysw swiRon=1im Roff=1G vt=0.5)

picl. Flyback circuit model

20us J0us Alus h0us 60ls 7lus 80us
pic2. L1 = 400uH

25



pic3. L1 = 200uH

20us J0us A0us h0us
pic4.L1 = 100uH

I made this simulation to illustrate how change off
output voltage and current.

G0us

flus 80us

L1/L2 ratio affects

90us

26



Magic Box #3

Let's consider another “Magic Box”.

From time to time you see a video or post where som
he invented very advanced schematics which allow yo
battery and charge the battery at the same time. Wo
such circuit?

(a)

p

Magic Bowx
#3

lI

e 1

pic.1 Magic Box #3 concept — we attach something to
meter and... surprisingly it shows that current actua
battery...Does it charging the battery ?

Well, this magic box creates much more controversy

I would like to show two similar devices behaving |
box”, both devices are based on flyback circuit.

JL
11

leaap

8@k

2

picl. “Magic” LED light “charging” small NiMH batte

e smart guy telling that
u to power some load from
uldn’t it be nice to have

the battery via current
lly flowing into the

rather than two previous.

ike described “magic

27



CH1 5.00%

CH1 500%

pic3. top — MOSFET's gate, bottom — current thru ba

Trig'd M Pos: 0.000s MEASURE
= CH1
PEk~Pk

16.6Y

CH2 50.0mV M S0.0us CH1 . 10,6V
30-Jun=11 13:03 6.09192kHz

M Pos: 0.000s MEASURE

A
0 [P [ W

CH2 500mY M S50.0us

20-Jun=11 1310

ttery

28



il Trio’d M Pos: 0.000s MEASURE
+ -

CH1 500  CH2 1.00V M 50.0us
30=Jun=11 1311
pic4. top(yellow) — MOSFET's gate, bottom (blue) —

voltage on battery

As you can see, circuit creates current pulses “int 0 battery” ;-)

pic5. Experimental setup

I let you decide yourself what is “wrong” with this “magic box”...

29



100uH
LT

WAL
En
2
3

I Tri

Fig. Self recharging batery
pic6. Another similar device

Author claims that this circuit allows power some s

mall load from
rechargeable battery for period about 2 years.
He also said that after that time battery's electro des dissolved almost
completely and he had to throw it away...

30



Joule Thief and LED lights

| think you agree that Joule Thief is one of most p
web.

It is not a flyback but I think it is kind of relat

be interesting to mention it.

0.2ms 0.3ms

opular circuits on the

ed circuit and it would

picl. Joule Thief simulation

31



0.4ms 0.5ms

pic2. Some variation
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N
U:"BE LDI: 287000
: G )
B FIGURE 7 | ATtiny11L S
ﬂﬁashlight =
circuit \

(five LEDs). ‘i.

pic. from Nuts Volts Feb 2008
pic3. MCU based flash light

~o A '
C, 1 o, I c,
o “FI B IN5818 | 1RF W
. pas |’ ) W
I,
ATTINY13 | ZTx81 B_L

ﬂ_ = .

Figure 1 A charge-pump circuit creates the boosted
voltage to hght LEDs for a flashiight ; " :
RS0 NN UL S-S g Figure 2 During the on time, current flows through

the inductor and then charges the capacitor

pic. same design from EDN Dec 2008
pic4. Slightly modified MCU based flash light
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pic5. Different JT-like circuits
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pic6. My version of LED flash light, | think more p

Suggested reading:

- SMPS http://en.wikipedia.org/wiki/Switched-mode power_su

4
1

e

S

i

+0,12...0,.24 8
-—

HL 1 &73@77%M

bt 9 |
‘MAT—-9

VTl 173116

voptbad

3; | Eiseu

ractical ©

pply

- blocking oscillator

http://mysite.du.edu/~etuttle/electron/elect37.htm

3l
FA |

JuF
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Observing core saturation

=N i Tiio'd M Pos: ~2.000ns

T-'TER f:.l 'IF'E

picl. Core saturation

top — MOSFET control pulse; bottom — current in the primary coil (observed
across resistor in MOSFET's source)

* Notice that after some time current start growing very fast (and non-
linear)

n-
=l

11
1]

tn3819

22k @@k frea.

i
|
+lidw

)&
. UH\\. = i 4 = u L1 Y u 18
o coganl CO4@i1 co4ai1 ! Ch4RLL 2

| g

pls.width
2ak
2k

pic2. Example circuit

This is same "looped flyback” circuit | posted befo re.
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To observe saturation you just need gradually incre
observe current thru resistor in MOSFET’s source (p
experimenting with saturation you should take care
because current grows very fast and transistor can
Transformer core saturation one of most common reas
power supply circuits.

Some related links
http://en.wikipedia.org/wiki/Saturation_%28magnetic

ase pulse width and
oint C). When

about MOSFET cooling
became very hot.

ons of low efficiency in

%29

(Surprisingly not much information on the topic on

Simulation with “real” core and “real” diode

LTSpice gives some possibilities to simulate behavi
other components like diodes.
| don't think that it is very practical but interes

H0us 100us 150us 200us

the web)

our of real cores and

ting to try ©

250us Jo0pus 350us
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FULSEfD 40 G 0 faul 10ms) -

- .modal mysw swiRon=0.81 Roff=1meq wt=05] - - - . - . -PArA;izausius,
tran 0 G0.5ms 50ms . .

pic.1 Flyback with real core (based on LTSpice buil t-in model)
* notice shape of current in primary and secondary

Vifluxb)

Elus 100us 150us 200us 2h0us J00pus

[:‘:4_. JI.“‘V"I‘\‘V ul . .<7 - . . . . . . . - coreB - FluxE -
0 S T B I T e I Rt
0 n=a0 n=40
Ce -
i ez : P S : :
+ = - -1 o
4 Tiooopr 0 B D - - - . - - . . Lo He217'B== 30 Br=O0ATS
O I -y S ( L e T T TASBE A Lin= 1036 Lg=0

38



pic2. Adding real diode to the simulation
* notice oscillations on primary

So it's looks quite similar to what real oscillosco pe shows.

B-H curve model

As we saw "real" core in transformer brings non-lin earity

Let's consider these effects in more details

BH curve model

E
B3
) I
e ; ; He Amp-turns,
Coercive force meter
Br Tesla
Remnant flux
density
BB Tesla
Baturation flux
,\Hc B density
B=uH
) ~
H:-__
1
Bsat (H) = Bs + p0-H
pic.1 A page from LTSpice manual about built-in cor e model
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or locp

steresis ma3d

The upper and lower branches of the hy

are given by

H + He

+ pl-H

Bup(H) = Bs -

|H+Hc| + He- (Bs/Br-1)

and

H - He

+ p0-H

Bs

I

Bdn (H)

| H-He| + He: (Bs/Br-1)

{Bup(H}) + Bdn(H))

Bmag{H) = .5

-Lm Tﬁagnetic Length{excl.gap)

Lg Length of gap meter

meter
meter

meter* 2

Cross secticmal area
Number of turns

A
H

metertw?

e el e o, - T e e

o

[} i L] ek ' i ¥
i i 1 [ i ]
(] i 1 - 1 i i
I [ ' ' i ]
i i i [ i ]
= || msssspssssqEsa== FRe==qese=smesccpasany
____ [ ] ] i [}
] i i i i B
] i i 3 ] i [
A [ i [ i ]
1 1 i 1 i
o ﬂllll_.lllll. ||||| rmllll. ||||| o [
N ' ' ' i ¥
i 1 L [ i ]
1 [ 1 1 1 [
[ ' ' i ]
S M ot o el v g o B e vt ol e me | ceum—
[ 1 4 ' ]
i [ ' [ i [
i i i b i i ]
l B, L] i | v
1 [ i [ 1 ]
S R D LR Bk R Tmul...- 11111 jm === e
1 [ ]
I i ¥
1 i ]
i i i
i [
1 ]
T L o
p = &
| ]
(9

pic.2 BH curves drawn with above formulas
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008 === T i bl e i Lt e ol abi
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pic3. Inductance (H) vs. current (A) based on above BH curve

This result opens quite interesting possibility to
inductance ourselves.

model non-linear
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using model for non-

pic5. Simulation for above circuit made in SCI lab

linear core



Graphs from top to bottom:

- voltage on power source,

- current thru inductor,

- voltage on inductor,

- inductance of inductor vs. time

* Notice current and inductance variations

This simulation made using Finite difference method
eqguation

Us=IR+Ldl/dt

It might be not very straight forward to perform (c
simulation) but it gives us full control on the mod

Some links:

https://www.dropbox.com/s/Ix23vkvjpsgiOhc/John%20Ch

to solve differential

omparing to LTSpice
el.

an%20Nonlinear_Transforme

r_Model for Circuit_Simulation.pdf
http://en.wikipedia.org/wiki/Finite difference _meth

od

Plotting BH curves yourself

We saw quite a lot of theoretical staff about BH cu
linearity.
Perhaps it would be interesting to do something pra

B-H Test Circuit for Inductors

rve and core non-

ctical about it.

Bt | I

¥in

/@lrmxuq:a.}-;;;:} T
..
g | |

[P =1

S0Hz R

pic.1 Core tracer schematic

With this simple circuit and oscilloscope we can ob
magnetization curves for different cores.
It is also interesting how magnet affects these cur

serve actual

VeS.
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2538 turns o 0.7
Ferroxcube N30 41.8X26.2X12.5

without magnet

without magnet

attaching magnet on the side
(pic. became smaller vertically)

pic2. Effect of magnet attached to the core's side

Here some pictures of experimentally obtained BH cu rves for Ferroxcube N30
ring core.
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Ferroxeube W30 41.8X26.2X12.5

gap about 8mm

without magnet

magnet in the gap

magnet in the gap
(reversed)

pic3. Effect of magnet inserted into core’s gap
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A
—
_
EPCOS

SIFERRIT materials

Na7
Dynamic magnetization curves Dynamic magnelization cunes
{hypical values) {typical values)
{I=10kHz, T=25"C) {r=1UHHZ.T=iW°GJ
500 FALOSHFL &00 AL
mT f.d""""'-. mT
s |1/ -
‘ |
300 300
200 204
100 100
l;-‘EZICID 200 400 600 800 I000 AMm 1400 ?i‘ﬂﬂ{l 200 400 B00 BOD 1000 Afm 1400
—_— — = H
pic4. BH curve for N87 ferrite from datasheet - 100 ks similar to what we see
in experiment ©
Plotting Magnetization Curves
http://info.ee.surrey.ac.uk/Workshop/advice/coils/B HCkt/index.html
http://www.cliftonlaboratories.com/type 43 ferrite b-h_curve.htm

HV power source

We saw a step-down flyback application in MB3,
another very important application of step-up flyba ck is a spark gap drivers
and HV DC power sources.
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1688 b
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a,81uF @, 8luf
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[T i
picl. Schematic HV pulse generator and optional vol tage multiplier

=S -

pic2. Pulse generator and multiblier'éssémﬁled inp ' . lastic boxes
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g |
ik - TR
= et
it

pic4. Testing before placing into boxes-

This simple circuit produces short pulses up to 5KV (without multiplier)
and capable to supply about 1ma current at 5KV with 10 stage multiplier.
Output voltage can be adjusted in some range by cha nging pulse width (20k
pot.).

Pl ease be careful when working with high voltage!

Some related links:
10KV power source http://lwww.sentex.ca/~mec1995/circ/hv/hvdcgen/hvdcg en.html
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Chapter 3. Resonance

Resonance is next topic | would like to discuss.

Let's start with two most common setups —

Parallel and series resonance circuits

In these two setups energy from capacitor (C * U * U / 2) flow to inductor

(L *1*1/2)and back. “Originally” this energy comes from power supply
(V1). Resonance circuit «accumulate» energy until p ower of source became
equal to power of loses in the circuit. Or Pcirc = Psource * Q where Q is

quality factor

S s e S e e
| SINE(Q105036) trantSms |
P RGeS s S sabees —aven
picl. Parallel resonance circuit

OmA—

-1 65 mA—

12V :
0.0ms 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms l.2ms l.4ms
pic2. Simulation of parallel resonance circuit
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In parallel resonance circuit we have circulating c
power source current

* notice current decreasing while oscillation settl

urrent Q times more than

ing down

S SERan LBmAS I S E

pic3. Series resonance circuit

0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
pic4. Simulation of series resonance circuit

In series resonance circuit voltage on capacitor (a
than voltage on power source.

* notice voltage grow while oscillations settling d

We can “accumulate” some energy in resonance circui
energy back at any time and rate but...no more than w
source.

By some reason people tend to believe that there is
circuit and we just need to find a way how to get i

1.2ms 1.4ms

nd inductor) Q times more

own

t, we can “extract” this
e put there from power

extra power in resonance
t from there ;-)
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Some reading about resonance:
http://www.allaboutcircuits.com/vol_2/chpt 6/1.html

http://www.electronics-tutorials.ws/accircuits/seri es-resonance.html
http://www.electronics-tutorials.ws/accircuits/para llel-resonance.html
http://farside.ph.utexas.edu/teaching/315/Waves/nod el2.html

Single switch driver

Let's review methods how we can power resonance cir cuit
and start with single switch driver

 K12L1L2099

el

T
2l ol o
A . :
: C_j{n o L2 ':fl
; 1mH . UL

. PULSE(0 1000 0.0%mns 0.198ms)

! Aran s :

© 7 amvdel inysw SwiRon= Tm Roff=16wv=0.5] -~

picl. Model for single switch driver setup

B0ms 0.2ms 0.4ms O06ms 0.8ms 1.0ms 1.2ms l1.4ms 1.6ms T.8ms 2Z2.0ms
pic2. Simulation (driver frequency equal to resonan ce frequency)




5 AN

Ams Ems bms Bms Yms 10ms

pic3. Simulation (driver frequency 10 times lower t han resonance frequency)

+1 2w
B
228pf Q. luF
1
22k ledx  freq.
19 ]b
o4t | glcnsantf
ple.width
2ke
pic4. Simple driver setup schematic
* notice diode in MOSFET's drain to prevent built-i n zener diode to

interfere
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pic5. top — drivr signal (point A), bottom — volta

] lwﬁ
b
{\

10,0 H2 10,08

! M 2508

M Post =40,00ns

G S

X v

1d-Apr=11 1645

capacitor (point B)

This circuit quite simple and can be used for exper
to 100kHz. Two transistors can be replaced with int

TC4020...4029 (or similar) For higher frequencies cd4
74hc00 (requires 5v power supply and changes in MOS

Push pull driver

— more powerful option

4 ¥

176 W +58
e
:E.E.l’ I L 1 = 16',_' :
s T2 15] -+
(3 14 1
4 11 404 3P
TU'-DG 1 {' 5 1 2{..!
ey B
- .f’_."._ .:_6 11..: ok
£ 1- 4 -—
7 10(]
—— ] :
|8 all
o —
O | I
o T8 | 0.22 wigs FO00 pregh
- .

MEASURE
CH1
Fk=Pl
| :'.:,. '.'I
CH1
Fraq
14 14kHz 7

ge on inductor and

iments on frequencies up
egral MOSFET driver like
011 can be replaced with
FET driver).

mrnas | ||r;\‘.:l
Rt 3
inNaTas | |

J]’U

X

mrsay | ok |

pic.1 Push-Pull driver with TL494

=
= |
= |=
+ ==
' -'.':L':‘ ::_i
=

TE1

Jdal
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It appeared that TL494 does not work well on low fr
simple substitution for it using CD4011 and CD4013.
use KA7500 (pin-to-pin replacement for TL494 which
frequencies) or some other PWM chip.

equencies so | made a
Other possibility is to
works ok on low

pic2. Push pull driver using CMOS logic

* 50k pots are mechanically connected so driver leg
** Additional 4011 elements after 4013 needed to av
by RC chains (number of elements can be reduced by
rearranging the circuit)

s adjusted synchronously
oid loading 4013 outputs
using 4001 elements and
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w/o capacitor)

M Posz =10.00ns MEASURE
cCH
- .

S.a0Y

pic4. MOSFET drains

Tek L B Tivs MPor-1000ns  MEASURE
4 o
Fe-Fi
SB0v
on
Freq
L € on
Pesn
aaay
Hz
Fi-Fk

I—"“"-uﬁ
f | 114v
Fa i

—

Oon 500y OO0 S0y MS00ms
H-Dec—-10 1102

pic5. top — one of MOSFET's drain, bottom - seconda
connected)

ry (with capacitor

This circuit can also be used as an inverter to pro vide power to some

appliances like led lamps etc.

55



Links:
- Designing Switching Voltage Regulators With the T
http://www.ti.com/lit/an/slva001e/slva00le.pdf

- http://lwww.instructables.com/id/250-to-5000-watts-P

L494

WM-DCAC-220V-Power-

Inverter/

Half bridge driver

u
+18w i LM7E85

3

In  Out
Com
LeauF Ia,i Jf
+5u

o 1@k

Eine 18k

Lt L
I

16

R

111

PCBIN
[MH
PCATH

1@ak

K2 JE-‘

Coarse

picl. Simple half-bridge driver based on 74HC4046 V

T 7

Lk

N

YCaIN

Cia
CiB
Ri
R2

Voo

SFOUT

PCLOUT
PC20UT

Lo
VCaouT

SERPIHEL

[FF“F

2n7aed

* Power supply voltage can be increased up to 35v
** Value of resistor in 2n7000 drain may be need to
voltage)

frequency and power supply

pic2. Voltage and current in inductor

This driver works quite ok up to 200-300kHz

+12u

156

CO.

be changed (depends on
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Bridge drivers

Let's review one of possible MCU controlled HBridge setup
Ll T Se-2a8u
= 1 LA =
L BYW2S-280
4 o4
IH&:F 5 J3uF 408y
o E
4 5 irr84@
[FEmy—2]  Tosaza
fe
8 ’
il R::ak
S b
L e 28 R4
2o Upsamosy  PRA-ADCRTT- *Sleak
Teax  |3° 2painisg _ PAL-ADCE o
n 18
a0 dipga-sox o PREADCE
56 A [Fom—4dpgasorip 3 PAIZAREF s il i
| ? & Padeancy Ak
s | St & el
red Qo L
] g PG ADCS ﬁ vl
A& pp7opeger  PA7oRDCE
et avee Hd—e
B, GHD  END o
I‘ Il 1
A
4RS
1] :-;'JI-:
LIMPELAS
In:  Qut
Im ||:5 ':“‘; e |éE 57 areen
lu 13,1 l ‘Jva,l ru B

pic.1 Regulated DC-DC converter (output voltage can

be adjusted 50-200v)
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up % SO0V or 600V

IR2113 iis40
—_— HO 10 [
; I AN
o T Voo Vo azer
HIN v, —F ¢ 19
sD L X 1na007 . ___LOAD
LN Vee —1 .
0.4
Was COM Ca 10 {:T
— W0 AAA
pic.2 One half of bridge driver
3. duF
<} Il
I
$44
S | - G E L PSS | &
luF
35auH H
to bridge outs I T

pic.3 LPF filter
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pic.4 PWM signal created with MCU

pic.5re eI rope board

R4
ledk
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Tok L BT e =000

*

JANANER

CHl 200V O W M 5.00ms CH1 A\ SE0mY
24=Dec~10 1256  q02704H:

pic.6 top - signal after LPF, bottom - before LPF

G0pus 100pus 150ps 200pus 250ps 300us 350ps 400us 450us
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:my:S'lﬁ:J' my:S'l.ﬂ:J'

D2 —swa- D1 —swh: o -

/
D
L T e R ] S L
C_) . . o ulb - SBmH - 128mHID - 2600pF .
Rser=1 g % .rgs . .Z.
vl

vl S s e - PULSE(0-10 0 0 33us 100us) -

\_\7 .. . -model mysw swiRon=0.01 Rof=1meg vt=0.5) . . _ﬂ]. .. _us. _us.]. .

Aran035ms5ms - PULSE{0 150us 00 33us 100us) -

pic.7 Simulation of HBridge

This is example of much more complicated setup. MCU s allow modify operation
of the bridge without changing circuit. But it is a Iso possible use
“hardware” PWM like TL494 to produce PWM signal to control the bridge
output.
Embedded software for MCUs created using Win AVR C compiler (see attached
archives).
Some links:
- see page 40 for more advanced version of the brid ge driver
<https://04e8faec-a-62ch3ala-s-
sites.googlegroups.com/site/vasik041/homebrewtools. pdf?attachauth=ANoY7cqaam

gax-

JXJRbIVErNtp4oVDipTLpw8NCUaF6guZH622pXRZFSEK{Uf7rxr 6RRJziZ2sa5h1sKsMRELggyBK

tBBHR4 hIT7884]9Mb9MEAX04mO1mauadYgqHKhOUHz20 Gc0ilS0ABrvwWityZJEgyyCKNPGUOf7

9K6F3Ne70iTyuFd6xwBFDyH8mY LixixfelQB] Z741wnWr98H3b  Wy2nOJXpw%3D%3D&attredire

cts=0 >

- http://www.tantratron.tk/index/tantratron.htmi

- http://winavr.sourceforge.net/

- http://lwww.wpi.edu/Pubs/E-project/Available/E-proje ct-042711-
190851/unrestricted/PWM_Techniques_final.pdf

- http://luzzors2k.4hv.org/index.php?page=ihpll1

- http://lwebpages.charter.net/dawill/tmoranwms/Elec | ndHeatl.html

- https://www.fairchildsemi.com/an/AN/AN-9012.pdf
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Analogue approach
ossibletodoitina
ional electronics, so |

We saw variety of digital drivers, but it is also p
"pure analogue" way. This is more (or less) convent

will just list circuits which | tried.
2
o 20U
iy I}

ouT

C1 bt 1
o.01 & 15K
—-12v
L R
. 10K o

0z
Ra
5 oa 151588

3| TR (FET)
Ri10 03
22K 151583

25k304

1H

pic.1 Sin wave generator

) s

AT

OHIT = 11

one power supply voltage

pic2. Simple sin wave generator which require with
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* Disadvantage of both generators is that FET trans istor and precise
selection of components needed

rlEu
4k7

mw)\ﬂ_é&i
7, |8BuF

i e
Jo|

BO91

b

pic3. Simple power amplifier

* Perhaps too simple, it has big crossover distorti on

pic4. Simple driver (circuit found as a generator f or tape recorder erase

head)

* Despite simplicity it works very nice, it tunes r esonance automatically if
L or C changes

Links:
http://sound.westhost.com/articles.htm
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Extracting power

We saw many different driver setups; all of them al low us “put” some power
into resonance circuit and create some oscillations . Now let’s consider ways
how we can extract power back.

e =
i
AR
E
o
;
o

SINE(0 10 5035) .tran 1.5ms - -
Rsarf—"_l : _

picl. We can use small additional winding on induct or

— 135mA
|

0.4ms {l.6ms 0.8ms

pic2. Simulation for circuit with additional windin g
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Rser=1 .
pic3. We can take power from capacitor

] 2yred

0.0ms

b.4ms 0.bms b.Bms 1.0ms

pic4. Simulation for “extracting from capacitor” Ci

Some people are claiming that they “just invented”
concept of extracting power from resonance circuit.
naive. It all was invented about 100 years ago, we
components (e.g. diodes) but ideas are the same.

OLD-FASHIONED CRYSTAL RADIO

1.34
1.1A
L .94
U.fA
= ”_I:l.f"t
0.3A
- 014
Lg.14

hEDmay

new and very advanced
Well, for me it sounds
just got better

Amlenna
[
L1 L2 Fanesh
i O 200T 01
i le—o1p0T ]
Col; Wound on 10" long 2° g e IS B ."“‘__.: -
drarmele focm 4 :I‘ s 120 ‘__’-C o I Y e o SO0
Ot e 80T ;.: 55:5 . A0 = I"P.ii.ﬁg"'l?;;f\lﬁ
L1 200T #24 on 2" dig, fom B b - ' eF i
L2: 2007 £24 on 2° dia, form g ———it —

spacad " from L1 Finish Stan |
\apped at 80, 120, 180 furns |

LI and L2 are wound on 4" dizmeter 10 form and are 200 turmes of #24 wire. PYC pipe can be used
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pic5. Crystal radio as an example of power extracti

on circuit

ANT ~ fer ~
' |T“‘~ i —f——
‘ anlf aulf ] L
L1 E L -7 7—‘- L3 ' La| ——
g e Al
I
- SPER N ;
PARTS LIST

00, 0@-- THIAA ol cade

isee text)

wrui valent )

ClafClb-- Z-gorag, 365-wufl. wvorioble copocitor
iLofogette H5-142 or equivalont)

C2-= 100-mf, conpression-type trineer oopoci tor

€3, Cl==  D05=uf, Fioed copoeitor

A== Closed-circuwit phone jock
L1, Ld— 27 twrns of Ho. 24 cotton—covered wire

L2, L3== Ferrite anteswa coil (Hiller 63000 or

Ril== 47,000 olws, 12 woll resistor
(roptional, see text)
Th== Repl ocemenl=type outpt Uronsformey ) 3000-
to 10, 080-obe primery: d-oh secondorg

Gpkr . -— 2 1/2° speaker, d-obe wvolce codl {(Lofogette
P T Crinlfat by Waltar . Fark SK-65 or equivalent)
Nitg kg rew viw.#ﬁ:ﬂ‘ H'I.m:.-hihmrn_. wnodd, sheet olmimm, Fohiestock
S BBl USSR . - B clips, ete.

pic6. More powerful setup

We cam use different setups, with diodes or switche
extracted power) always “work” as Q factor loss in
claim easy to prove using electrical circuits theor
schematics).

Links:
High Power Crystal Set http://hibp.ecse.rpi.edu/~john/xtal.html

s but at the end load (or
resonant circuit. (This
y by drawing equivalent

http://www.crystalradio.net/crystalplans/
http://www.makearadio.com/
http://www.radiosparks.com/schematics.asp?UID=Cryst

al+Radio

http://en.wikipedia.org/wiki/Mihajlo_Pupin
http://en.wikipedia.org/wiki/Loading_coil
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More examples of power extracting circuits

These two circuits are my implementation of Hector’

is often discussed on EVGRAY group.

It could be a nice tool to learn about resonance, d
extracting circuits... However, | see these circuits

in a hunt for “magic” resonance or frequency. If th
“extra” power no such complex setup would be needed
bridge work fine ;-)

First setup is MCU based, MCU control driver and di

s transverter (TV) which

rivers and power

as an “over complication
ere would be a real

, just a regular diode

ode plug switches.

g
'ST U2 o
L At [
Ra
L ppa-nost PRa-ADCE 1@ak
Rl R2 2 ppiHisn Prl-Alc1 L2
bl e 3 5 preeapce HE
PEE-SCH O iz
[ETe>—prea-ocip 5 PRIAREF
< 7 i Prdeatcs B4
P —ClpaanTaLl W (3
red Bl ppmonraLe  RocADC
[ — 3] paeora PRbFATCS HE—ETaR
18] pgooneasy  PRPADCE HU—@pTsH
.]E‘ auce HE—p
GNI G %

LN7ELA5

11

T Yin out
/ R e g2
8,1 T

FTI T

picl. MCU used to control the setup

e

ﬁﬂk

,@EZ Ggreen
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T Dfa 1MSE19

Iy
11
P © DB 1MEE19
T
2 o N T

[
—JirFsaz .

B

BTA14E °

‘pic2. Other parts of the setup (driver, transformer ~, diode plug, zero
crossing detector and discharge switches)

Below shown less complicated setup, without MCU.

T TlaIMaE1e o
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pic3. Simple “diode plug” (two zero-crossing detect ors and triac drivers)
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Here some diagrams from important points in the cir cuit

M Pos: =4000 s ME

pic4. top — transformer output, bottom - voltage on positive leg capacitor
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pic5. top — transformer output, bottom - voltage on negative leg capacitor

10-58p=11 0255
pic6. top — transformer output (more power injected
the output (Rn)

), bottom - voltage on

I made this simulation to illustrate the idea of TV setup. Transformer core
is linear in this simulation.
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pic7. Simple TV model
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Brdi |1
pic8. Simulation results
After all | still think that no mater what driver w

extracting circuit, energy stored in LC circuit com
unless some real magic happen ;-).

Ferroresonance

What would happen if we "put” too much power into LC res

If thereis a core in inductor, occasionally it get sa
ferroresonance occurs.

As you remember saturation causes non-linear change

linearity in combination with oscillations produces
effects.

Let's take a closer look on ferroresonance.

Ims 10ms 20ms 30ms d4A0ms 50ms. bOms

: ; : -2, 44
f0ms 80ms 909ms 100ms

e use and how complicated
es from power source...

onance circuit?

turated and

of inductance. This non-
many interesting
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Gl o1
- i
(1esT5) |-

-He=12 Bs=380m Br=175m A=95.75u Im=103m lg=0.001 n=1300
SINE{0 0.01 50). S
. tran0.25 - - -L1=200mH In=02A

picl. Parallel ferroresonance model

e 7 < S s <SS

gy '_'J]lll]

e S T T
12¥+ : g

BV Fa A o

TR S

6V
-12v-

By~ ] i i ] i ] i

Oms 30ms b0ms 90ms 120ms 150ms 180ms 210ms

pic2. Simulation of parallel ferroresonance

* notice frequency variations and current shape

i
240ms
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SINE(0 0.3 50)

Hc=12 Bs=380m Br=175m A=95.75u Im=103m 19=0.001 n=1300.
tran02 . L1=200mHInz0.2A

pic3. Series ferroresonace model

Z0ms A40ms G0ms 80ms 100ms 120ms 140ms 160ms 180ms 200ms

pic4. Simulation of series frerroresonance

* notice voltage on the inductor

Here a simple setup to observe a ferroresonance
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| used 4,7uF capacitor and 20 turns coil on 35mm N3
generator and audio amplifier as a signal source. B
after tuning resonance:

In simple words, when current increase core saturat
decrease, this cause current increase even more.

When studding non-linear inductance we managed to g
inductance depends on current, now we can use this
LC circuit witch take into account inductance varia

i :'l.l_. 4 = 12 '_-'
pic5. Observing series ferroresonance

0 ferrite ring, signal
elow waveforms | got

M Pos: 400.0ns

ing and inductance

et a formula how
to draw a resistance of
tions.
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Ui, Ui

LG Uegi
0.40 T T T T
1 1 1 1
gzs—T---------- b Bl i F--- - === T -=- e il
N 1 1 1 1
g0t ---------- - m e mm - e tmmm e mm— - I= = = = ——— -
- 1 1 1 1
025 -"""""="°- AT TTT s FTTTTTTTTn YoTTTTT o i
1 hny e il el il bl
DAB - m - mmmm e e T e -
R TR e R R oo
1 1
oQs—T-"-""-"""-°-°- L e [
N 1 1
oo —T==C--"""""° ': """"""""" : """"""
OO5—F --=-==%z === D i R e R
1 1 1
-0.10 ¥ + T y
0.000 0.005 0.040 0.015 0.0z0 0.0z5

pic6. Drawing reactance (reactive resistance) for L
inductor (voltage vs. current)

Formulas used to draw above graphs:
X; =wL=2nfL

1 1

Xo= 06 = o fo

1
X=X, -Xec=wL—-—
Eooe wC'

Does it look interesting?
(yes, it is negative differential resistance, | am
in more details)

Some links:
http://en.wikipedia.org/wiki/Electrical _reactance

http://lwww05.abb.com/global/scot/scot235.nsf/verity

C circuit with saturating

going to discuss it later

display/2e4528a2d55c5414c

12572dd00247313/$file/vt%20guard presentation-ferro

res_sales_version_eng.pdf

http://www.kau.edu.sa/Files/320/Researches/52676 22

982.pdf
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Properties of ferroresonance

To observe interesting properties of ferroresonance
sweep generator and loaded it with parallel LC circ

LMreas |,

o S

in  Out
Cam

16

Q——lpcmn

< trm

G—pearmy
Aucatn

T 2
G LUy

Cin
cie

R2

L]

Gr@rIHEL

’ SFOUT

PC1OUT
PC20UT

LD
WCOOUT

EFI"F

circuits | made a simple

uit.

rl2u

s

n 3 o

(=
E-:——{}
= IS

¢

%

-

=3
o

w
(=]

2ri7gad

pic.1 VCO generator

+ 38y

tdk

Ti

pic.2 Driver

BO911

G—1& cresad

BD9L2

L3230y
L~
Rt a,47
i
Il
| 1
“:L ﬂ,4uﬁ__

{out]

77



L
1888pF

Ny
18k

pic3. Triangle generator (I will use it as a modula tor to control VCO
frequency)

pic4. Experimental setup assembled on bread board

In first experiment | didn’t use modulation but slo wly adjusted frequency
manually. | measured voltage and current on inducto r, here results
R=0.25

fhz | 415 500 600 700 B0O0| 900D 990) 1005 900 600 700 625 620 500 400
Uy | 42 78 104 118 135 154 168| 28| 31 35 46 68 10 74 4
my = S0 B8O 150 270 480 700 B20) 25| 30 30 45 55 {B0 75 &0
lma | 200 320 600 1080 1840/ 2800 3280/ 100 120 120! 180 200 640! 300 200

and graphs drawn based on the data
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Il

1] 200 400 600 a00

pic5. Voltage on inductor vs. frequency

l,ma
3500 -
3000 4
2500
2000
15800
1000

500 +

a 200 400 BO0 a00
pic5a. Inductor’s current vs. frequency

You can see interesting effect - sometimes it calle
frequency slowly increased voltage and current also
point and then amplitude drop sharply. Frequency ne
significantly first to repeat this effect.

Below pictures obtained with modulation generator,
can continuously observe trigger effect.

1000 1200

1000 1200

d “trigger effect”. When
increasing until some
ed to be decreased

circuit tuned so that we
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Tek L i Tiig'd M Pos: <4800 pic6. yellow - voltage on inductor
i U, blue — inductor current I, red
-U*I

1:5"'--.. {

pic7. voltage on inductor pic8. inductor current

MPos —4500us  MEASU pic9. inductor’s current (bigger
scale)

In resonance energy is «accumulated» in LC tank, bu t after some point it
"does not fit" into the coil anymore because induct ance decrease due to
saturation, this cause non-linear oscillations and trigger effect.
| also tried to adjust power supply voltage and see how it affects
oscillations.
Below pictures obtained for different power supply voltage
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pic.10 Ups=20v

pic.11 Ups=25v

pic.12 Ups=30v

The higher the power supply voltage the greater fre
ferroresonance occurs. So in this mode of operation
and voltage we have to “apply” more energy from pow

quency up to which the
to achieve more current
er source (again).
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Tesla switch and Co.

We saw a "natural" non-linearity caused by saturati
create non-linearity ourselves? One interesting app
inductance and capacitance in LC circuit “on-the-fl

Let's consider first “switching capacitors”.

[0

|1

ton, but what if we want
roach is to change

Yy

Us2

1L
o
e

|

5

picl. Two capacitors in series and in parallel

Often people confused with capacitance, charge and
rearranging capacitors. This confusion cause some *“
extra energy etc. Let’'s remember what we learned in
capacitance, charge and stored energy for these two

For series connection:

Cs=Cl2
Qs=ClR*U=C*U/2
Es=Cl2*U*U/2=C*U*U/4

For parallel connection:

Cp=2*C
Qp=2*C*U2=C*U
Ep=2*C*U/2*U/2/2=C*U*U/4

These are interesting results; we see that stored e
we re-connect capacitors, but charge change.
Perhaps we can use this somehow...

Some links:
http://en.wikipedia.org/wiki/Capacitor

stored energy when
interesting” claims about
school and calculate
cases shown on picl.

nergy does not change if
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Switching coils and caps

Let’s try switching something ©

picl. My variant of switchi'ng'capacitors

. e .
FT . . j s . e g
Jl_prog 1

AR s B Y Y P NEPF .- ORTRNEA i ;
28 S feed
4 20 Ll een.nost - P08 [ — _i_ : e
30 Edpgiopysg,  FRI-RDCH £
-2 ek X - . Z : - s e 118, . " .
40 ot Tl bl T 1'-.1
Bt I e U Sl .
5 —{PE30CIE m I,
Eeii : PEd TR T i.mmﬁ : ;
ol iy L
o Blopswpip  PRO/RDCS
!; PRA-TE m’:ﬁ: e
y - - — FEZ-FESET T
;12' : . . : o
_ 33 out _ GHD_ D g
Wl PP S 11
A il BE s S PO
= A A
ao -
5 -
ol
pic2. Simple MCU based generator to control the swi tch (see plsgen.rar for

source code)
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‘pic3. Updated switch use MOSFETs

pic4. Experimental setup assembled on bread board

Below some oscilloscope traces for the switch conne cted to 12v power source
thru resistor cl=C2=4.7uF
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M Pos: 0.000s

ﬁ/ﬁ/J

SRS = L] .

M 250 s

MPHL IIIHJI'In.

MLJJ\LH\LJ e

pic5. Switched capacitors and resistor; top — on th
switch control signals

* notice that half of time current flowing back to
source), however this does not mean that we got FE

6 ey

M 250 s

M Pos: 0.000s

By sl

M 250 us

e switch, bttm one of

battery (or power
device here ;-)
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pic6. Switching capacitors connected to power sourc e thru transformer (as
shown on pic3)

In this setup C1=C2=0.1uF

M Pos: 0,000s 0 | M Fos: 0.000s

1.

\__-m_rﬂn.-ﬂ!-

M 1003 CH1 160 He 200Y M 2s0us

; : 3-Jul-10 1827 1.25040¢H: |, 1210 15125

pic7. Switched a_[-)gci_t_brsnd transformer; top-on t he switch, bottom-on of

the load (third coil) Both are same picture, but th e right is bigger scale.

Link:

http://web.archive.org/web/20120826225130/http://ww w.energenx.com/john34/tes
la.html
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Simulating switched capacitors

I made also some simulations about switched capacit ors

picl. Charging and discharging thru resistor

Oms 2?ms 4Ams 6ms 8ms 10ms 12ms 14ms 16ms 18ms 20ms 22ms 24ms
pic2. Charging and discharging thru resistor
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. o STe e tfarlEl-dﬂn'uB.l.'liu: e o e s tr s e Tewds TedeeD oeTo
CriE e N mu-dql mg,-ﬂ'w ,-“fn.,,-,,q R,:ﬁ.np; H‘t".'-' 5] . R R Al Bt Sy i

pic3. “rotating” capacitor with coil

12ms 16ms ‘Hm 24ms 28mz 32ms
p|c4 “rotatlng” capacitor with coil S|mulat|on

* this setup somehow similar to synchronous rectifi er
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B i, BEE 1 T L IR Rt - A I S L R
C modd iy vilpinE | ot s vfepyy 0 0 0 0 0ttt
pic5. “rotating” capacitor with resistor

2Zms dms Gms 8ms 10ms 12ms 14ms
pic6. Simulation results for “rotating” capacitor w

Links:
http://scholar.lib.vt.edu/theses/available/etd-
173510281975580/unrestricted/chapter2.pdf
http://www.irf.com/product-info/fact_sheet/farnell/

16ms

18ms 20ms

ith resistor

10142.pdf

http://www.ti.com/lit/an/snva595/snva595.pdf
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Switching coils and caps

We tried switching caps, coils (in flyback), now we can try switching both
caps and cails.

Here a model for L/4L — 2C/0.5C switch. Such combin ation of switched L and C
keeps resonance frequency the same.
However frequency can also be adjusted as we will s ee soon.

SyF

. Wizlilzoss

. . .. . PULSE[0 10 10ns 10ns 0.7ms 1.41ms] |

dEn 2 e
... -medel mysw swifion=10m Foff=1meg vi=0.5)
FPULSED 10m= 1.05m= 10ns 10n= 0.3ms 1.4ms]

picl. Switching both L and C

pic2. Simulation results for switching both L and C

* notice that waveforms have offset ;-)
** coils can also be switched using diodes.

Real implementation of switches is difficult. I tri ed several different
setups before | got something working ok.
Here one of setups which works. | use optocouplers to avoid any interference

between control circuit and LC circuit.
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i
= N
b

onE

pic4. Trying switch with resistor (in series to pow er supply)
top — switch control, bottom - current

pic5. Trying switch with inductor (in series to pow er supply)
top — switch control, bottom - current
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SJdanr-11 2254 STy
pic6. Inductor and 2C / 0.5C switching, timing adju
top — voltage, bottom - current

sted for resonance

------

pic7. Optocouplers switch assembled on bread board

This experiment shows quite well that energy stored in LC tank does not
change when we re-arranging capacitors or coils.

Follow my analogy with water | can say that the amo unt of water does not
change if you pour it in different size cup ©

Links:

http://en.wikipedia.org/wiki/Opto-isolator
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Variable Inductor

We already saw non-linearity and inductance variati
This effect can be used to create a variable induct
controlled variable inductor.

Below shown one of the simplest setups which allow
We need two identical ring cores with two identical
One pair of coils connected “co-directional” and se
opposite” direction. One pair will be used to contr
will be “variable” inductor.

ons due to saturation.
or, electrically

create variable inductor.

coils on each inductor.
cond pair connected “in
ol inductance and other

pic.1 Two ring cores
Ferroxcube FE25 3E25 25/14/10

2x18 turns on each

L1 = 2080uH
L1 +L2=4186 uH

pic.2 experimental setup

current adjusted with
E potentiometer
o L x inductance measured with L —
meter
o Q
I,ma 0 4 8 12 16 28 48 72 88 140 200
L.uH | 4186 4228 4400 4255| 4200| 3980| 3253| 2424| 1978| 840| 383

tabl. Inductance vs. control current
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pic.3 inductance (L,uH) vs control current (I,ma)
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2438 turms 0. 7num
N30 41.8X26.2X12.5

8 oM M3 Mafpacy) Lwew
20000 12 0 00 17200
e 12 2000 12 60; 16627
) 2 180 12 80 18220
16000 = 12 1000 . 1200 15819
14000 + 12 50 240 14644
= 12 250 -

e
Ll
-

X
suusEBeE

2
2
B
]...:
g
BT
I
3

FEP R PP PP S S S S

pic5. Same setup but bigger cores used

2x90 turns 0. 7num |
Epcos B64290L40x830 R58 N30

pic6. Even bigger cores
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B om | ma wma(pacy) Lwkw
12 | 0 00 38500
12 2000 12 60 37109
12 1500 12 80 3723
12 1000 16 120 33
12 500 28 240 31483
12 250 52 480 27251
12 120 100 1000 17121
12 90 128 1333 12643
12 60 192 2000 647
12 50 224 2400 A8
12 40 272 3000 3132
12 330 4w 40D 123
12 20 588 6000 529
12 10 1116 12000 159

_EEEEEEYS

SEL PP EE PSS S S

pic7. Inductance vs. current for big cores
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pic8. This a page from old russian book with differ

setups shown

Some links:

http://translate.google.com/translate?sl=auto&tl=en

ent variable inductors

&js=né&prev=_t&hl=en&ie=UT

F-8&u=http%3A%2F%2Fwww.hcrs.at%2FPARAMET.HTM

http://jnaudin.free.fr/html/paraconv.htm
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Magnetic amplifiers

Let's consider one of traditional application of va
magnetic amplifier.

If we make “primary” coils in variable inductor wit
“secondary” coils with small number of turns we can
inductor with small current and build an amplifier

riable inductor —

h many turns and
control our variable
out of it.

Below measured inductance vs. current for coils sho wn on pic.2
I,ma 0 2,7 3,6 4 5,1 7 10| 15,2 21| 26,7 30,5 40 50,7
L,mH | 351 39| 37,2| 28,4] 26,9| 21,8| 17,2 9,1 5,7 34| 2,47 1,26 0,75
tabl. Measuring Inductance vs. control current
L,mH
45
40
35 ‘l
30 l\.\
25 \
20 \
15 \
5 \*\’“
I:I T T T T T
0 10 20 30 40 a0 60
picl. Inductance vs. control current (ma)
pic2. coils
two ring cores Ferroxcube FE25-3F3
| 11m -> 250t $0.35
Il 1.5m -> 25t 0.5

Now we can try building simple magnetic amplifier



M Pos: 0.000s B pic3. top — on one leg of output
transformer; bottom - control

pic4. top — output; bottom —
control

It would be interesting estimate efficiency of my a mplifier

R,ohm|{ 2000] 1000| 500| 400( 300 200| 100 50
u,v 25,2 21| 17,2 148] 12,8 10 5,6 3,2
P,w 0,159 0,221 0,296 0,274) 0,273| 0,25 0,157 0,102
COP 146] 20,2 27,1 251| 251| 229]| 144 9,4

Power consumption Up =11,5V; Ip = 0,095A; Pp=1,0 925W

99



COP{RN)

300
250 AN

200 / \
150 / ~
100 ;

+
&0
o0 T T T T
0 500 1000 1500 2000 2500
pic5. Trying measure COP of my magnetic amplifier ( COP in percents vs R load

in ohms)

pic6. Experimental setup

* two secondary winding 24v from small power transf ormer used as output
transformer
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=

o
=

o

.

G el S

pic7. Experiment schematic (hi frequency about 15 K Hz, low frequency about 1
KHz)
It's probably not very useful model but it is inter esting if we can simulate

magnetic amplifier.

pic8. Model for magetic amplifier
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Omd——

1 1 ; . .
0.0ms 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms

pic9. Simulation of magnetic amplifier

It is interesting why some people tend to believe t

have some “magic” properties e.g. can have COP more
actually different from a “regular” amplifier which
(Power for output signal coming from power source i

Links:
http://sparkbangbuzz.com/mag-audio-amp/mag-audio-am

hat magnetic amplifiers
than 100%. What is
uses transistors?

n both cases)

p.htm

http://www.rfcafe.com/references/popular-electronic

s/magnetic-amplifiers-

jul-1960-popular-electronics.htm
http://www.themeasuringsystemofthegods.com/magnetic

%20amplifiers.pdf

http://www.grimeton.info/long_wave _transmitter.html

http://earlyradiohistory.us/1920alt.htm
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Parametric resonance

- other interesting type of resonance | would like

Uy

Ue

R
——— W/
v g
.#Ap T
a1 AL
=1 —=-——- + I ———== = L
dt dt
dg
= IR =R --—-
dr
0
C
d20 [ dn |
------ $ IR § == |
dee | de |

picl. Parametric resonator with variable inductor a

We can see that not only current variation but also
affects voltage on the inductor (usually
inductance is constant, so second term is zero).

to mention
do 4L
+ m—— -
dt  dt
]
g oamise =)
c

nd a bit of theory

inductance variation
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pic2. Simulation for sinusoidal control current

le
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- == Eat J/-\.
0.0020 / a \'” A 4
0.0015 -
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Ueit)
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£ 0000 ff AN // ' 4
0,001 / \\L v
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pic3. Simulation for sinusoidal control current wit h offset
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Simulation made using finite difference method to s olve differential
equation shown above.

Below two examples of parametric resonators from pa tents

b i
i

pic4. Mechanical parametric resonator with variable capacitor (see patent
4522510)
.Jﬁ'ar.;:
N N s [
3

ﬁwd APRLIED CONTED, CUeEen

§
: ! | o ﬁ? —y
NN

! T

pic5. Parametric resonator with electrically contro lled inductor
Mechanically controlled inductance is also possible , iInductance can be
changed e.g. by changing coils relative position or orientation.

105



pic6. One of setups hich Wereed by L. Mandelsta m

Inductance controlled by changing distance between coil and aluminum plate.

Links:

http://www.tuks.nl/pdf/Reference Material/Mandelsta m_Papalexi/Concerning%20t
he%20EXxcitation%200f%20Electrical%20Waves%20Through %20Parameter%20Changes%20
English%20translation%201934.pdf

http://www.tuks.nl/pdf/Reference_Material/Mandelsta m_Papalexi/
http://www.animations.physics.unsw.edu.au/jw/AC.htm |
http://aaltj.blogspot.fi/2012/02/dI3pbs-all-tunnel- diode-parametric.html

Building parametric resonator

Let’s try building parametric resonator ourselves.

We can use variable inductor from our previous expe riments.
Us
=2
=
=
a a
6, 8uF
P
B ==
o=
=
[= 1 a
ol i -
picl. Parametric resonator experiment
| use signal generator and audio amplifier to contr ol variable inductor.
Below shown waveforms for different modes of oscill ations in parametric
resonator.

106



pic2. top- | «, bottom-U
f=511hz
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Same circuit but 2x control frequency

M Pos: 00005

K Trigd M Pos: 0.0005
+ A

i B0 s CH1 . 400mY
17=May=-12 1120 BTRSITHE

«, bottom-U

pic3. top- | . f=911hz

This is very interesting setup, our variable induct or has “inductive” input
reactance, so theoretically we can have “normal” re sonance in a control
circuit and parametric resonance on the output ;-)
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Standing waves or resonance in a media

So far we observed resonance which was "localized”
but it is possible to have a dimensional resonance

e.g. due to limited propagation velocity and reflec

As first example let’s see a resonance in 10m long
one end (1/4 wave resonance, frequency near 8 MHz).

u
tlaw L7805 |,

In  Out|
Com
JLBauF (@, 1 J:

S

. =
Jé.l _Ll@ﬂuF

Tl

$ 7

16

- G—Zecam YO srourfle-
~ G2t pciour [B—
G—pcamn  PeeouTpd
28k - Lucatn Ll]i—
&
:L lﬂ_l — Zvconur
ClAa &
I ] s H
BrHz F—rnv—7lri
Ik _iﬂﬁi
15)oenen
2ENER

picl. Generator | used for this experiment

law

ridw
L2a

ISuH

LSuH

in components or circuit
when oscillations occurs

tions.

coaxial cable shorted at

+l2w

L. 4uH
h0%

8. PuH

e an3866

pic2. Power amplifier

L
-

l8m coax cable

=3
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pic3. Experimental setup

pic4. Resonance in coaxial cable

top — voltage on the amplifier
output, bottom — on the end of the
line

pic5. Same but frequency adjusted
a little

Links:
http://physics.info/waves-standing/

http://en.wikipedia.org/wiki/Reflections_of signals _on_conducting_lines

http://www.youtube.com/watch?v=Il_eju4D_TM
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Waves in ferrite core

There can be different type of media where resonanc e occur, sound waves
inside some objects can produce very powerful reson ance.
See this for example http://www.youtube.com/watch?v=17tqXgvCNOE ©
Similar effects can be created in ferrite cores. Co nventional use of this
effect is ultrasonic sound sources
but perhaps, one day we can find some other interes ting applications.
—e— F ay == Asinal, * source
' 25 Asino (¢ — 2/
rod \ - a;= Asino {{ — 2lfc), - enected
// ol
+——>» F a=a; + az==2A cos (0lfc) sine (¢ — [fc).

{from end 1o end)

&

picl. How oscillations occur in a rod

lo = mw Do
k=wDi
lot m (Do + Di)
lﬂ'lld = = e
ing 2 2
v v
= = _
Inid m (Do + i)
Z
b
Do * no refiection
" source + source came asound
pic2. How oscillations occur in a ring core
I made a small Java program which simulate waves (b ased on wave equation)

Here a video with results captured

https://www.dropbox.com/s/annxxvnmh8chq9v/wave.flv

and here Java application itself

https://www.dropbox.com/s/4dmte1747d4lbe9/wave.jar (source code included)
It is easy to modify the program to simulate differ ent setups.

f 13 L
cos(F)=1 = Lwpn, — =3 £=012..
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In this particular simulation two sources (with sam
“connected” to the left and to the right ends of th

i il 501.5 max-591.5

— 1//”_\&

e amplitude and phase)
e “media”.

e i F00.0 max~100.0
14 min=-5290.8 max-499.9
i
£ P o 3
I 1 Fa it e — *
{ i ra et 2
5 v
=y
34 min=-495.9 ma=599.8
b # 4
Y /r & /"‘\H
/<
172 miln=- 2.0 max=1.9

-
uy

TH 3 i 0.8 max=0.6

AR

pic3. Snapshot of simulation screen

panel 1 "snapshot of the wave"

panel 2 generator 1 (most left point, 0)
panel 3 oscilations in point L/4

panel 4 oscilations in point 3*L/4
panel 5 oscilations in point L/2

panel 6 =3 +4

Panels 2-6 are “oscilloscope like” views (amplitude
show media “state” in different locations (amplitud

Links:
http://en.wikipedia.org/wiki/Standing_wave
http://en.wikipedia.org/wiki/Magnetostriction

https://www.dropbox.com/s/sbeoh5y185xe9h1/How%200sc

vs time) and panel 1
e Vs position).

illations%20occur.pdf

http://mathworld.wolfram.com/WaveEquation.html

http://lwww.physicsclassroom.com/class/waves/
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Chapter 4. Bifilar coils

Permanent magn

ets

and magnetic fields of different coils is a next to

discuss.

B:

~ ]

x E'i:_

P

pic | would like to

(L+X) X

JRL+XF R+X

L X X
20x5 magnet — NdFeb (red)
95 magnet — MdFeb (green)
picl. Ring magnets
B
m L} L] L] L] i
i fess ey st e
2mu—k<————-: --------- ey S b e s
| O\
"m"""""ﬁ'*\'{:' B (i S i
1um—~———----—-5 -------- b sy ; A S— : ---------
R e
' - . :
0 ¢ i + + 1
o 5 10 15 20 25 30

pic2. Magnetic flux density vs distance from magnet

for ring magnet
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for rectangular magnet
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pic4. Magnetic flux density vs distance from magnet



2R
B: L+x B L+x X B X
1 1 2 1 ) 14yl
|L JR*+(L+x) AJri+(L+x) AR +x Jridx |
pic5. Ring magnet with hole
S0 =f====n- s ERaEEEEEEe IR Tl e
000 ““"“i""""‘:r' sememesmessssscepeseaes ——i————————
| B S e
B e R S s S e
2500 i 3 : E i
u] 5 10 15 20 25 30
pic6. Magnetic flux density vs distance from magnet for ring magnet with
hole
| was just drawing these graphs and result was quit e unexpected for me,
according to this graph there is a point at some di stance (about 4mm) where
flux is zero and changing sign.
So the hole in magnet behave as a magnet with oppos ite orientation ©
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L ei]

205 hS

pic7. Magnetic flux density for different shape mag
red — ring 20x5, green — ring 9x5, blue rectangular

20x5 with hole 5mm

nets
10x10x5, black circ.

This chart presents some of the magnetic properties of a subset of magnetic materials:

Maximum |
Energy Residual Coercive Woerking
Product Flux Density Force Temperature
Ehmax(MGCe) | BriG) Hefkoe) i %

Ceramic 5 34 | 3950 2400 400
Sintered Alnico 5 38 10200 620 540
Cast Alnico 8 5.3 8200 1650 540
Samarium Cobalt 20 (1,5) 20 | 8000 8000 280
Samarium Cobalt 28 (2.17) 28 | 10500 9500 350
MNeocdymium N45 45 13500 10800 80
Neodymium 33UH 33 11500 10700 180

Table 1. Selacted Materal Magnetic E‘mp@lties

pic8. Properties of different magnets

Links:
http://3gcl.no-

ip.org/3GCL/Datasheets/Electronics/Magnetics/Magnet

ic%20Design.htm

http://www.magneticsolutions.com.au/magnet-formula.

html

http://www.kayelaby.npl.co.uk/general_physics/2_6/2

~6_6.html

http://www.rare-earth-magnets.com/Permanent-Magnet-

Selection-and-Design-

Handbook.pdf
http://ether.sciences.free.fr/electrets.htm

http://www.sae.edu/reference material/audio/pages/M

icrophones.htm
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Magnetic field of a”"regular” coil

There is a lot of confusion about magnetic field an
aligned or opposed magnetic fields.

Some people tend to believe that field lines and po
also often said that fields “adding” or “compensati

When you use geographical map, are you expecting to
the field or mountain? ;-) No, of course not. We k
“‘imaginary” lines showing places with equal height.
this when dealing with fields in physics. Don’t mi
calculations with reality.

d especially about anti-

les are exist in reality,
ng” each other.

see geodesic lines on
now that these are
Please remember about
X math which used for

. LN
—— .
T - A e
il . A%
I K.;__:.*- . ':.KI T
'\::—. = —F_— - -
*’ Q————&
T —
O S
e—_L @
! &—] —® : % .
Figure 9.4.3 Finite Solenoid
B = Hnl (1/2)-=z | (//2)+:z
T2 | G112 4R J(+112P+ R
picl. Magnetic field of solenoid, see (1) for more details.

117



Qe-005

BedD5 T -"---

TeD05-----

T e e EEEE LR LR S

Se05 T~ """
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1e-005

Oe+000
-0.25

pic2.  Magnetic field of solenoid calculated using formula above

pic3. Magnetic field lines, see (1) for more detail S.

Links:

http://web.mit.edu/8.02t/www/materials/StudyGuide/g uide09.pdf (1)
http://en.wikipedia.org/wiki/Helmholtz_coil
http://ocw.mit.edu/ans7870/8/8.02T/f04/visualizatio ns/magnetostatics/24-

coilsopposed/24-coilsopposed320.html
http://homepages.ius.edu/kforinas/physlets/magnetis m/magnetism.html
http://lwww.rakeshkapoor.us/ClassNotes/MagneticField duetoCurrent.html
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Simple magnetic field probe

Before going into details, | would like to warn you

Even mainstream medicine accepts that pulse magneti c fields have very
significant effect on human body and consciousness, not always positive
effects.
It is known that about 10% of animals can feel magn etic fields. Some people
also can feel and even see fields but due to curren t social conditions these
skills are not appreciated, so most people are not even aware that it is
possible.
To avoid any potential damage we can (must) build s imple magnetic field
probe.
Lk
TAYAY
=
= G <

picl. Probe’s schematic

* second LED is optional

Wind some coil on the ferrite rod and attach LED th ru 1k resistor.
You can use this probe as indicator and as a safety tool.

pic2. Picture of my probe

* Assembled on a wood ruler

** One layer coil, 0.4mm wire on ferrite rod (mu = 400)

When you see LED glowing, it means that strength of magnetic field is high
enough, so you should never be near that place, do not expose your body to
magnetic fields until you want risk your health (an d may be life).

Please note that that often results of exposure are “cumulative”, symptoms
appeared after some time and grows exponentially. | t could be too late. Do

not neglect your health and safety!

Now you have been warned.
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Magnetic field of bifilar coill

I will be using word "bifilar” for coils made of tw 0 sections with opposing
magnetic fields.

There are many possible variations and | will try t 0 review them one by one.
First setup | would like to discuss made of two cyl indrical coils with

different diameters, small coil placed inside bigge r one. This setup was

"inspired” by magnet with a hole.

1.0e-004

S.0e-005—

G.0e-005 7

4.0e-005 -

2.0e-005

0.0e+000

-2.0e-005

-4 0e-005 7

-G6.0e-005

2.5e-005
2.0e-005 7

2.5e-005—
2.0e-005—
1.5e-005

1.0e-005 7
5.0e-00G

0.0e+000

-5.0e-006

-1.0e-005 y
-0 -0.10

pic2. Magnetic field of bifilar coll
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top — red magnetic field of outer(bigger) coil, gre
inner (smaller) coil,

bottom — resulting magnetic field (sum)

Please note that this graph represent Bz, component
along central axe of the coils.

Don’t be confused, there is a magnetic field at the

is just have vector B perpendicular to z.

It is similar to situation when two magnets face ea
Field in the middle is not zero, only horizontal co
zero in the middle point.

en - magnetic field of

of B which is directed

point where Bz = 0, it

ch other with same poles.
mponent (on pic2a) is

CES RV
J#yﬁ{ﬁ-{.‘:ly.'r ()
hg o B
ey [ e Wt o s
q—m-N s-z'— -bs N-""""
S B B
¥y s- B ¥y o
e Bt b e e |
L o ! ? k. % =5 oo g
pic2a. Magnetic field lines of two “opposed” magnet S
+12u
2eept o

I +12u

hcﬁq?j 2

1n3819

12
u Y U 3 irfS48
cosatt Jod coaaty ot ch4at o2
- hcﬁﬁh;,
20K
pls. wideh
212

pic3. Driver schematic
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pic4. Experimental setup

Coils parameters:

Inner coil diameter 5cm,

outer coil diameter 10cm,

height (of winding) 5,5cm,
Approximately 140 turns, wire 0,4mm

Inductance of outer coil L 10 = 1415uH,
Inductance of inner colil L 5 = 450uH
Inductance when coil connected “same direction” L
when connected in opposite L .. =1292 uH

16

pic5. top — voltage on primary, bottom - voltage on

1 M7

+ = 2540 uH,

small test coil
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pic6. Two pickup coils (connected also in opb_osite) placed symmetrically
related to zero Bz point (see points A and B on pic 2)

pic?. top - — voltage on primary, bottom — voltage
some small load resistor)

on pickup coils (with

* |t seems that my calculations give realistic shap e of the magnetic field,

* Even symmetric bifilar pickup coils affects reson ance in primary coil when
loaded.

Links:

http://homepages.ius.edu/kforinas/physlets/magnetis m/magnetism.html  (see

case B, anti parallel)
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Magnetic field of bifilar coil 2

each other (also known

Next possible setup is - two cylindrical coils near

as anti aligned Helmholtz coils)

Gie-005

4e-005 -~~~

2e.005— ~ =~~~

Oe+000

20O ===

020

025

-0.25

B1+B2
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1

| ) I 1 ) I3 I G I 40 )
1

= B A B 8
1

[ P |

1
1

1

1

1

1

|
u
]
=
dr
]

Se-005

2e005 """
Ao 005 ===~
o005

020

o.10

0.0s

-0.10 -0.05

015

0.25

-0.25

d Helmholtz coils”

picl. Calculation of magnetic field of "anti aligne

pic2. Bifilar coil type 2
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11 i B Tiig'd, MPos: -400.0ns  MEASUR pic3. top-voltage on the cail,
bottom — voltage on one turn coll

used as magnet field sensor

pic4. When moving test coll
amplitude decrease and then
increase again, phase change when
we cross “0” point

pic5. Phase changed
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pic6. Different coil used to see if there is a perp endicular magnet field
component

pic7. top-voltage on the coil, bottom — voltage on test ¢ oil shown on pic.6
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pic8. Two coils wound in opposite direction placed
0 point used as pick-up coils

M Pos: =400.0n3

M 5.00us
20-Aug=11 237

pic9. top-voltage on the coil, bottom — voltage on two ¢

* Loading pickup coils affects resonance in primary

symmetrically relative to

MEASURE

oil shown on pic.8

coil, again.
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Opposite coils on ferrite rod

It is interesting to see how ferrite (core) affects behavior of our setup.
So | decided to try setup with two opposed coils on ferrite rod. Usually it
said that core "absorbs” magnetic field and there i s very small part of
magnetic field exists outside transformer core. Wit h opposed coils it is not
true, significant part of magnetic field is forced out.

(this can be confirmed easily with simple magnetic field probe)

picl. Similar setup but with ferrite

Two section of primary coil, about 200 turns each, wire 0.33mm

moving small coil from left to
right, minimum amplitude in the
middle and phase change
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M Pos: 0000

M Pos: 0.000s MEASURE

)
/\3 ‘/\ g{\.u;!" %‘.U;/" A

M 25008
17=Jul=11 1033
pic3. Moving test coil and observing amplitude and phase change
Often people tend to believe that bifilar coils doe S not create magnetic
field and therefore bifilar pickup coils will not | oad primary coil. It is

difficult to resist checking this again ;-)

X

pic4. Two pickup coils pIaceoT symmetrically

129



G i M Pos: 0,005 LIl picS. Setup for power extraction
e Y test

top — on the primary coil, bottom

/\ /\/‘/\\/\j/ /\ {\ f M - on pickup coils, both pairs
g i W | | o o d in opposite
\ | \ VAV connecte

Circuit consumption
Ups = 11.6v, Ips = 8ma, P = 90mW

1*

pic6. Under load

R load = 1k

R,k 0,1 0,2f 0,3| 0,4 0,5| 0,6 0,7| 0,8 0,9 1
u,v 15 22| 33| 41 5| 55| 6,2 71 75| 8,1
PmwW|225]24,2136,3| 42| 50]|50,4]154,9|61,3[62,5]|65,6
Tab.1 Voltage on pickup coils vs load resistance
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50 //
40
—e— 1
/ —m— P
a0 .//

S —aaaE

a 0z a4 0k 0s 1 1.2

pic7. Voltage and power vs load resistance

10

Some how magic doesn’t work and we can see that loa d affect primary coils...

Opposite coils on the ring core

| am continuing fun with opposite coils on ferrite cores and now | decided
test ring core.

picl. Two coils wound on ring ferrite core

Primary coils parameters:

Two coils about 40 turns each (4m of wire used for each), wire 0.44mm
L1,2 = 2540uH

L1+2 = 9420uH

L1-2 = 540uH
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pic2. Test setup

pic2a. Test setup, coils arrangement.

Secondary coils same as primary (40 turns each)

Hi=Jul=11 2051
pic3. Testing the setup, top — voltage on the prima
pickup coils

ry, bottom — voltage on
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R,ohm 1 2 3 4 5 10 20 30 40 50
U,v 0,7 0,8 1 1,2 1,3 1,7 2,2 2,5 2,8 3
P,mwW |490,00 | 320,00 | 333,33 | 360,00 | 338,00 | 289,00 | 242,00 | 208,33 | 196,00 | 180,00
Tabl. Measuring voltage vs load resistance
R,0hm 100| 200f 300f 400f 500| 1000| 1500| 2000
u,v 3,6 4,2 4,5 4.6 4,7 5 5 5
P,mW [129,60( 88,20 67,50 52,90 | 44,18 | 25,00| 16,67 | 12,50
Tabl. part 2
UiRn)
E =
4 /
| F{
2 t
1
$
I:I 1 T 1 1
a 500 1000 1600 2000 2500

pic4. Voltage on the load vs load resistance
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P(RN)

600,00
00,00 3
400,00 4
300,00
20000 %

100,00 +

] 500 1000 1500 2000 2500
pic5. Power on the load vs load resistance

It is interesting that this setup shows quite "good " behavior under load
(but it's still not OU, at least in my tests).
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Reversed Phi transformer

- another interesting setup | would like to show.

The @ Transfarmer

Circular laminated core

the cone

pic. Phi transformer, picture from "A Practical Gui de to ‘Free-Energy’

Devices” by Patrick Kelly

Instead of rotating magnet and attaching load to th e coils, we can connect
coils in opposite and apply some power to them. The n significant part of
magnetic field will be forced out of the core on th e points where coils
“connects” (points A and B). We can put a pickup co il between these two
points.

picl. Pickup coil wound on a tube assembled of 8 ri ‘ ng cores (variant 1)

135



T

pic2. Test setup schematic

M P 00005

pic3. top — voltage on primary, bottom — voltage on pickup coil, does not
work very well

pic4. Rewound pickup coil (variant 2)
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M Pos: 0.0005

pic5. top — voltage on primary, bottom — voltage on pickup coil for second
setup, works better.

Second attempt seems to be working ok; it has very small effect on primary
under load, but also does not provide much power.

Links:
http://frienergi.alternativkanalen.com/Chaptl1.html
http://www.free-energy-info.co.uk/

Scalar coll

If you take two wires and wind two coils together, then connect coils to
have opposing magnetic fields you get “non-inductiv e” bifilar coil. Two
variants of connection presented on pic.4 and pic.5 . Both variant will have

similar magnetic field configuration.

- .I'--l‘r\-

Figure 9.1.6 Magnetic field due to a circular loop carrying a steady current.

B 1 IR
5 A
picl. Picture and formula for magnetic field produc ed by one turn of wire

(from MIT 8.02 physics course chapter 9)
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=l
0008 =] T 0 i T i g
' i - X —_ i '
] ' R T :"" i '
o e el A N e R e e i i e
0.004 7] " O R PR S A B8 R i

...............

Bz)

e ' I ' : H : ' : '

S = : e

ag0z === - i I S T ST CEPE

0002 H I* 4 ; + . 4 "

0,25 0,20 0,15 0.0 005 Q.00 0.05 0.10 015 0.2 025
pic6. Drawing field of scalar coll
top — field of separate turns, bottom — resulting s um

Please note that this graph again represent only Bz , component of B which is
directed along central axe of the coil.
Don't be confused, there is a magnetic field at the point where Bz = 0, it

is just have vector B perpendicular to z.
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pic7. Field of two opposed magnets, similar to fiel d of two opposed turns

So let’s try taking a closer look on the perpendicu lar (By) component of
magnetic field of scalar coil.

Figure 9.8.1 Calculating the magnetic field off the symmetry axis of a current loop.

picl. Picture from MIT 8.02 course (see 1)

i IRz 27 singh'd g’
BJ-: _ Iu 1 = = , 372
4r - (RL+_1"+.:*—1_1'R5111¢']
B = #DIR {R—j"&-i.ll?’i':ldgﬁ'

alx
B JD (Rz +y* +2z° —2yRsin g ']3;1

pic2. Formulas for magnetic field (see 1)
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Strength of By change significantly with distance f rom the coil (y)
| will draw By at tree fixed distance (3.5, 4, 4.5 cm from the coil central
axe)
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pic3. Field of one turn By(z)
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picd4a. By(z),y =35
Field of two turns

D010 T ¥ v T ' :

anm

Dot

-:qt%m -uied i A 0 b s L] (=110 Xl

141



0006 000 0ps .  00E

000 Likakia] 205 L]

q;_.-1-.-"-5-.-.1-1-{-r1-1-1--..':.--.----.-1-1-h.-.- R L SR R L

L™
.

Rl

Lkt

AR D0

Ll ]

Ll LiiLi-] a0id i)

picdb. By(z),y =4

pic4dc. By(z),y = 4.5
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Field of 10 turns

pic5b. By(z),y =4
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The simulation use very simple algorithm for integr
give some calculation errors.

However, main point here is that fields of “scalar”
and mainly located outside the coil and core (if it

| hope this help to avoid unexpected interference a
fields.

Links:
http://web.mit.edu/8.02t/www/materials/StudyGuide/g

pic5c. By(z),y = 4.5

al calculation, it can

coil are far non—zero
present).

nd exposure to magnetic

uide09.pdf (1)

http://christopherbradshaw.net/The_Project_Bin/Schu

mann%20Frequency%200scill

ator%20with%20Scalar%20Coil.html
http://en.wikipedia.org/wiki/Bifilar_coil
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Chapter 5. Displacement current

How they do that?

| am starting new thread to discuss not very common transformer
arrangements. And for beginning | would like to sho w some “strange”

pictures. When | saw these pictures first time, my reaction was “How they do
that?” ©

——

picl. Voltage across screwdriver enough to light bulb

pic2. One short wire inside lighting a 12v bulb
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a bulb.

pic3. Voltage across tweezer's leg enough to light

pic5. Again primary and secondary are capacitors
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pic6. Transformer layout

pic7. If we take N transformers

with N:1 windings and connect them
1 _ _ T _ _ _ like it shown on the picture we will
get 1:1 transformer.

Inductance is proportional to the
. square of turns. Ring with 10 turns
' has an inductance of 100. Ten rings
T “ in parallel have inductance 10. This
: : - is 10 times greater than a single
turn.

E3

So after consideration it appeared to be just a dif ferent step down
transformer setup. After studding this subject more | found that such
transformers used in different equipment and not in vention of some “smart”
guy on FE forum (as it usually claimed :-). See bel ow some examples.
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pic8. transformer from
modern welding machine

Al
sformie oot
ernal " GE4tne iver

pic9. Picture from http://www.classeradio.com/driver.htm OSFEf driver)

148



T

pic10. Picture from http://homepage.tinet.ie/~ei9gg/pal.html (HF amplifier)

That'’s fine, but what about capacitors instead of w indings?
Well, it seems that transformer actually don'’t care whether winding is a
wire or capacitor (some combination of wires or “pl ates”). | will show more

of it in next posts ;-)

Links:
http://homepage.tinet.ie/~ei9gqg/pal.html
http://www.classeradio.com/driver.htm
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Coaxial transformer with a «pipe»

Let's consider similar setup to what we seen in pre
we will take a copper pipe as a primary and use jus
(and put this wire inside the pipe). Let's do a sim
physicists explain why and how it works ;-)

vious post but this time
t one wire as a secondary
ple experiment and let

pic. A transformer layout

T FEIENE HSRERWRY FRiE B IR

picl. Experiment with coaxial transformer (only one ' half used in this
experiment)
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a1

8,1 Fres = 1@88kHz

L] u
] a b s cBagi ot —I
R -0
u

1L

G elevnd

5 s
u U
ol Cagr1 o cpaery '@ CLk

pic2. Schematic for the experiment

4 Pos: 212.0n5 W pic3. top — voltage on primary
(pipe), bottom - on the secondary
(single wire inside pipe)
connected to a small light bulb.

M Pos: 2120 rIuld pic4. top — voltage on primary
(pipe), bottom — current in
primary (measured on 0.03 ohm
resistor)

18

Circuit's power consumption:

Ups = 11.6v
Is = 245ma
Ps=2.7W
Small light bulb from car side lights used as a loa d.
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pic5. Similar setup, different driver and ferrite r ings used

Amazingly it works! Do you see something unusual or strange in this setup?

Properties of coaxial transformer

So, what’s wrong with coaxial transformer? Ok, let’ s try remember some
physics.

Amperian loops

Figure 9.3.5 Amperian loops for calculating the B field of a conducting wire of radius R.

picl. Magnetic field of wire (see 1 for more detail s)
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cutside B=:2
2xr
) 1. Ir
inside =0 —
27 R°
pic2. Magnetic field of the wire
1) Based on above information we can conclude that magnetic field inside a
pipe (our primary) should be zero (because there is no current inside it).
However why then our transformer works? How voltage [/current in secondary
induced? ;-)
R & E—
P
« —o— P
pic3. More weird experiments to consider
2) Why phase of current in secondary same as in pri mary?

(remember oscilloscope sots from previous post ?)
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3) Let say if use single wire as a secondary we get
Now if we take a longer wire and make a coil of it
primary...

Guess what voltage we get... ok, same 10v.

So we have different inductance but same voltage, i

We can wound bifilar coil, other different types of
same, same voltage on the ends.
( Still nothing strange ?)

4) We can put capacitor inside “pipe”, we will get
What ever we put inside e.g. screwdriver - same vol
©

Links:
http://web.mit.edu/8.02t/www/materials/StudyGuide/g

10v output voltage.
and insert it in side or

sn't it nice?

coils but result will be

same voltage on it.
tage will be on it's ends

uide09.pdf (1)
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Displacement current in capacitor

Some people say that there is a magnetic field insi de capacitor, some other
people say that this magnetic field created by disp lacement current and... if
we put a coil inside capacitor we will get some vol tage induced on the caoll
and if put load on the coil there will be no reacti on on the circuit where
capacitor connected.

Despite these claims sounds obscure "philosophicall y” let’s try consider

them more deeply. (Obscure, because usually we don’ t see actions without

reactions in nature)

When talking about magnetic field usually picture | ike this presented

picl. Calculating magnetic field

and formula like this appeared

Wl | = (r<r),
B(r) = —;.)1 ‘:I
x| L (r>R)
pic2. Magnetic field inside "thin” capacitor accord ing to (2)
We can even draw the magnetic field using above for mula
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pic3. Drawing magnetic field inside capacitor
However if you read explanations you see that there is definetly something
wrong. To illustrate how really bad situation is | would like to quote

explanations about displacement current from (2)

The particular challenge of the present problem is to imagine that the displacement
current consists of small filaments, the sum of whose fields should give eq. (5).
The displacement current in a virtual wire of radius a < R that runs between the plates

of the capacitor 1s
0
] as 4
frliﬁ]}lac'rnw!ll- = was 'thli.‘i]!|¥l{!t’l!|t‘!l1- = IE . {(})

The magnetic field due to this virtual wire circulates around the wire, and has magnitude

Hp -'rdisplacement #DILT.Q
B\'irtual - D s — P {?)

pic6. Quote from (2)

Sure, it is a challenge to understand what is "virt ual” wire and "virtual”
magnetic field ;-)
(see 2 for more challenges)

I got impression that the only thing guys care abou tis to make their
equations look nice. And what | actually would like to know - is there
really displacement current and magnetic filed insi de capacitor ?
After some search | found these measurements result S (see 4)

156



Q-

oaf-

Q2

| PeP | _.J___ i f I
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h,cm

FIG. 4. Results. The scale of By was determined in a
separate calibration in which the coil was placed inside a
small Helmholtz coil carrying a known 1250-Hz current. BS
= bottom of sphere, BP = bottom of plates, C/L = center
ling, TP = top of plates, and TS = top of sphere.

pic4. Magnetic field measured inside capacitor (see 4 for more details)

So it seems that there is really a magnetic field i nside capacitor.
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pic5. Current in capacitor’s plates (picture from 6

However this fields caused by currents inside capac
"actual” current exists inside capacitor. Let’s try
claims in practice ;-)

Links:
http://web.mit.edu/8.02t/www/materials/StudyGuide/g

itor plates and no
check other "obscure”

uide13.pdf

http://lwww.physics.princeton.edu/~mcdonald/examples

/displacement.pdf 2)

http://www.phy.duke.edu/~rgb/Class/Electrodynamics/

Electrodynamics/node28.ht

mi
https://www.dropbox.com/s/ijvf706czndn893/dc_meas.p

df (4)

https://www.dropbox.com/s/818uygwgwk5alsm/809.full.

pdf

http://www.ivorcatt.org/icrwiworld78decl.htm (6)
http://download.antennex.com/preview/Nov02/Nov0602/

dca-1.pdf

http://www.antennex.com/shack/AprO7/dc_factfan.pdf

http://www.antennex.com/shack/Aug05/dc-final_piece.

pdf

http://itee.ug.edu.au/~aupec/aupec04/papers/PaperID

84.pdf

http://www.overunityresearch.com/index.php?topic=21

0.0
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Capacitor with a coil on ring core

| took big ferrite ring core and put two aluminum d isks (made from cooking
foil) on core sides.
I made about 1/4 length gap in the disks and wound a test coil there.

Here a picture (see layout on pic. 3)

i ‘3, I s

picl. “Capacitor with coil”

I -'-...1 =
b i i f}
S e 1
pic2. Experimental setup, half bridge driver connec ted to capacitor-with-

coil

159



Lap plate

botbtom plate

pic3. Capacitor with coil layout

Parameters measured with LC meter:
C = 33pf
L = 1.2mH (30turns wire 0.7mm)

First | attached a signal generator and tried to se e how my setup behaves,
here some pictures

pic4. top-on the output coil, bottom- on capacitor
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Then | tried same with half bridge driver.

REEER R SRS  picS. "Rectangular” pulses seems
\ produce better results

VA ANNANE &
YRTEVRY EET s

P i !

,_ _ﬂ\ /r\u:\ﬁ
e

] | |

) { |
i [ - - | (e me——
Vi el Wi =

pic6. Load resistance 10 K

Perhaps capacitance is too small.
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Capacitor with a coil of ferrite rod

After failure with “ring capacitor” | decided try s lightly different
arrangement.
| made a capacitor like this

/ scobch tape

/ aluminium foil /

/e 7

/ aluminium Ffail /

/ O /

and wound it on ferrite rod, than | wound a pickup coil on top of it.
| used aluminum foil and got about 2000pf capacitan ce for my capacitor.

7

] i
picl. Half bridge driver, 390uH inductor and capaci tor-with-coil wound on
ferrite rod
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| decided try use resonance in primary; this could
driver circuit.

help see if load affects

VIR

—

fervite rod

Rlaoad

pic2. Capacitor-with-coil on ferrite rod layout (se

rial resonance)

R,ohm 50 100 200 300 400 500 | 1000| 2000] 3000
uU,v 0,7 1,28 2,4 3,6 4,6 5,2 7,8 9,6 10,2
P,mwW 9,8] 16,38| 28,8| 43,2| 52,9] 54,08] 60,84 | 46,08 | 34,68
It seems that load does not affect the much input! | can see even in some
cases that amplitude on capacitor increased under | oad, but Pin/Pout ratio
is far from 1. If we manage to optimize the geometr y and the driver
perhaps...we can get something interesting ;-)
RY
12
10 —

7
1/
7

I:I T T T T T T
a a00 1000 1500 2000 2500 3000 3500

pic3. Voltage vs load resistance
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P oty

70

30 K
20 f
10 1
I:I T T T T T T
0 a00 1000 14800 2000 2500 3000 3500
pic4. Power vs load resistance
| also tried longer pickup coil and parallel resona nce in primary.

pic5. Experimental setup with longer pickup coil
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I

ferrite raod

—_—

pic6. Capacitor-with-coil on ferrite rod layout (pa

Rload

rallel resonance)

R,ohm 50| 130| 250| 500{ 1000| 1500| 2000| 3000| 4200f 5200]| 6200
u,v 0,8 2 4 6,4 10 12,5 16( 20,8 27,2]| 28,8 30
P.mwW |12,8( 30,77 6418192 100| 104,2| 128] 144,2| 176,2| 159,5]| 145,2

pic7. top — on the capacitor, bottom — on the coll
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200
180
160
140
120
100
Gl
B0
40
20

1000

Ly

2000 3000 4000

pic8. Voltage vs load resistance

1000

Pty

2000 3000 4000

pic9. Power vs load resistance

| thought that this is interesting and | continued

direction.

5000 /000

s000 B000

efforts in this

7000

7ooa
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Coil - capacitor

I am continuing with weird transformers setups. Aft er some experiments |
found out that we can make a capacitor and wind it on ferrite core. We will
have a capacitor and each it's “plate” became an in ductor.

i 7

1 / alumiriiun foil /
/ scoteh Lape /
4
3 /ll.uniﬂiu- foil /
// scotoh Eape /
Layout of coil/capacitor, two foil stripes isolated with scotch tape and

wound into RM ferrite core.

picl. Coil-cap on RM10 core

Stripes length = 30cm, width = 10mm
Measured capacitance C 13 = 1000pf,
Inductance L 1, = 828uH (about 10 turns)

Arldu

AK I
SO

pic2. Experimental setup 1

LR
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We have a capacitor (points 1,4) and it is also a p rimary coil. At the same
time we can use one of “plates” as a secondary coil (points 3,4) to connect
some load.

M Poss QLO0Ds

pic3. top — voltage in point 1, bottom — voltag on resistor (point 3)

ArlZy

8aauH
(R

/% FN\
LK

E;Lk

2 4
¥
pic4. Resonance setup 1 (serial resonance inductor + our capacitor 14)
We can have resonance in this setup by adding extra inductor and using

corresponding frequency.

alalalalala

|- L—u IF--l Il--l b

pic5. top — voltage in point 1, bottom — volta on resistor (point 3)
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Atldu

6'1

—
4{ 2a@uH 3 g Lk

%

pic6. Resonance setup 2 (parallel with extra induct or)

pic7. top — voltage in point 1, bottom — voltage on resistor (point 3),

frequency too small for resonance on this picture.

In all these setups we can also use extra “normal” winding as a secondary
and our “capacitor” as a primary winding.
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Aligned and anti-aligned connection

Thinking more about different combinations and how coil-capacitor can be
used | found that there are two different connectio ns possible.

picl. Experimental setup with coil-capacitor

pic2. Two connections

When we use points 1,2 as a capacitor connection cu rrents in "plates” will
flow in opposite directions and will have anti-alig ned magnetic fields. But
if we use points 1,4 currents in "plates” will flow in same direction and
will have aligned magnetic fields. In both cases ex ternal circuit will “see”

our coil-capacitor as a capacitor.
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pic3. «aligned» connection

top — voltage on the driver
connected to our capacitor (point
1, 4 connected to the ground);
bottom — voltage on "free” plate
end (point 3)

Found resonance and apparently it
depends on the length of the
“plates”.

pic4. Effect of load resistor (1
connected to 3,4)

pic5. Anti-aligned connection

top — voltage on the driver
connected to our capacitor (point
1, 3 connected to the ground);
bottom — voltage on "free” plate
end (point 4)

(same voltage scale on top and
bottom)
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pic6. Same as pic.5, but bigger
scale on bottom

After all these exercises it seems that coil-capaci tor behaves more like a
transmission line (line with distributed inductance and capacitance)
Links:

http://en.wikipedia.org/wiki/Transmission_line
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Coil-capacitor on the ring core

First successful experiments with coil-capacitor we re performed on RM cores;
it was interesting for me to see if it will work sa me way on core with
different shape, so | made a coil-capacitor on ferr ite ring core.

e 7

1 / aluminium fail /
/ scotch tape
3 /lluﬂiniul fail /
/ seobch Lape /
pic. Coil-capacitor layout, prepared to be wound on the core

| used foil stripes with length 30cm and width 15mm
| got capacitance 3400pf and inductance 270uH

0,5x12,5)

pic2. Aligned and anti-aligned connection

| tried how aligned and anti-aligned connection wor ks
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pic3. Anti-aligned connection (1-3)

top — voltage on the driver
connected to our capacitor (point 1,
3 connected to the ground);

bottom — voltage on "free” plate end
(point 4)

pic4. Aligned connection (1-4)

top — voltage on the driver
connected to our capacitor (point 1,
4 connected to the ground);

bottom — voltage on "free” plate end
(point 3)

Behavior looks very similar to coil-capacitor made using RM-10 core.

Links:
http://www.ferroxcube.com/prod/assets/rm10ilp.pdf
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Chapter 6. Negative resistance

- is next topic | would like to discuss.

Every one (probably) remember the Ohm’s law, it rel ies on linear behavior of
resistors. However we see in nature “circuits” with non-linear resistance,
also we can create such circuits ourselves. Here we will take a closer look

on “negative” resistance.

la [[4T)]

10 ; ; ;

L 1 1 1 1 1 1 1 1 1

s e o i

R e AR LEE B

1 1 1 1 1 1 1 1 1 1

P pliailie Tl il el Ml e e i Tty Sl

1 1 1 1 1 1 1 1 1 1

B'____l___f__"___T___l___ - -F=-===-=-=-T7---

4 1 1 | | | 1 I | 1

5--———|———4———I-——-|——— —— - - -1l — - —— g - - -

- 1 1 I 1 1 1 I 1 1

AT A AT

3{----!---!—-- SEREEEEL LR PR TR P

1 1 1 1 1 1 1 1 1

/=i e B ™, il e B e B e ey Bl

T 1 1 1 1 1 1 1 1 1

1T - - it el e Bl ol Ll il Ll B

i | 1 1 | | 1 I 1 1

o } } } } } } } } } Uw

o1 3 4 5 B 7 8 9 10

picl. “Normal” resistance behavior
Negative resistance is a property of some electric circuits where an
increase in the current results in a decreased volt age. This is in contrast
to a simple ohmic resistor, which exhibits an incre ase in voltage under the
same conditions.
There are two types of negative resistance usually discussed, one with N-

shape and one with S-shape |-V characteristic.

Currert {f)

) Voleage (V)

pic2. N type negative resistance |-V characteristic
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pic2a. Here a simulation which tries to create N ty pe of negative resistance
top — R(U), bottom — I(U)
| think it is obvious that even resistance changes here overall behavior of
circuit will be similar to “normal” resistance, so all power in the circuit
comes from power source. Often people give this as an argument when they
saying that “it’'s negative differential resistance” and no power comes from
it. Yes, it is true but only for this type of NDR.
Second type of negative resistance is S type.
L
B
3
() Volkage ()

pic3. S type negative resistance I-V characteristic

Here some more consideration required because we ha ve to increase voltage
and decrease it in order to enter negative resistan ce region. | tried make a
simulation where voltage grows linearly and then de crease back to zero.
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pic3a. Simulation of S type NDR, top-voltage, middl e-R(U),bottom-1(V)
| think it is obvious that in some cases circuit wi th negative resistance
have to deliver extra power into circuit in order t o “implement” S shaped I-
V curve. (Even Wikipedia admits it :-)
So theoretically, if we subject some circuit with S type NDR to short pulses
we could have some extra power (Short pulses needed because we have to enter
negative resistance region with a minimal energy lo ses).

| tried to illustrate this with the next simulation

pic4. Circuit for energy balance estimation
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Inkerval Stat: |0z

Waveform: ¥(ur}*I(R1) i

Irterval Start: |Os

Interval End:  [3.9ns Inferval End: |3 3us
Horerags: |~2’54.‘3‘In‘!"b’v’ Awerane: ||3E.33mW
Intagral - [-25237n) Integrat {3.329734
pic6.Energy consumed from power source pic7. Energy on load (R1)

| think this is very interesting theoretical conclu
a search for FE. There are many “natural” circuits
characteristic.

I will try list different NDR circuits in next post
Links:

http://en.wikipedia.org/wiki/lOhm%27s_law
http://users.tpg.com.au/ldbutler/NegativeResistance

sion which can help us in
with S shaped NDR

.htm

http://encyclopedia2.thefreedictionary.com/S-Type+N

egative-

Resistance+Semiconductor+Device
http://en.wikibooks.org/wiki/Circuit_Idea/Revealing

_the Mystery of Negative

Impedance
http://en.wikibooks.org/wiki/Circuit_ldea/Negative

Resistance

http://www.sparkbangbuzz.com/els/zincosc-el.htm
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Examples of NDR with transistors

Let's see two example circuits with “artificially” created N-shape negative
resistance type.

ul

© PULSE@0.00501) | :

X

picl. N-shape negative resistance circuit using tra nsistors

0.0v—= __——1—
ooy 0.7

Y[ul]
pic2. I-V curve and R(l) characteristic
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]

CZNI90E
cES

. PULSE[01501.102],

- tram- -

pic3. Basic Lambda diode implementation

pic4. I-V curve of Lambda diode

This lambda diode replacement circuit used very oft en in different RF
applications.

Links:

http://electronbunker.ca/NegativeResistance.html
http://www.zen22142.zen.co.uk/Theory/neg_resistance /negres.htm

http://users.tpg.com.au/ldbutler/NegResDipMeter.htm
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Zener diode

- also can be seen as an negative resistance in som e cases

.|_|1 .

"~ | PuLsE@OoOZO1)
.| . Arangms

23

picl. Test circuit

pic2. U,I and R=U/I for zener diode

181



0.0M52—
0.2M52
0. 4K
0.6M52
0.8M52
1.0M52
1.2
40 A
32uA
Z4uA
164
A
0.0v 0.6Y 1.2y 1.8 24v 3.0V 3.6V 42V 4.8y LAY
V[ul)

pic3. top-R(V),bottom - I(U)

Links:
http://www.fairchildsemi.com/ds/BZ/BZX84C6V8.pdf
http://www.onsemi.com/pub_link/Collateral/HBD854-D. PDF

Core saturation

We saw that inductance decreases due to saturation; this gives us
interesting natural non linear resistance behavior.

B—t—AA,
%]
v
@
SR B LS S PULSE{Munn{rau}snms:-
© - .model mysw sw(Ron=0.01 -Roff=1meg-vt=0.5)} -
tranﬂﬁﬂﬂﬂm&‘:ﬁﬂ D']hﬁ i g s z 3 o i 'param.tau?'ﬁusf

picl. “Looped” flyback
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1.4608———— 60mA

V(ul] VIul2)I[R2)

pic2. V,l and R=V/I

Omb—
1 20ma—
2 40 mA—
A6l ma—
- 480 mh—

-0 0mA—

Viull-Viui2))

o111 1] g S S (S SN
| | | | |
11.424v 11430V 11.436Y 11.442Y  11.448Y  11.454Y  11.460V
Yiul)-Vul2)
pic3. I-V and R(V) graphs
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LC circuit as negative resistance

Core saturation in inductor together with capacitor can behave as negative
resistance. This often causes “unwanted” oscillatio ns in power lines and
serious efforts made to prevent it.

He=12 B5=380m Br=175m A=95.75u Im=103m Ig=0 001 n=1300
trhhﬁﬂlﬂ ..... IZZIZ.H gggmHm-ﬂm..‘;;IIE__.‘::
pICl Parallel LC as NDR

V{ul)fI[R1)

-=130mA

--260mA

' ] hlms
pic2. Simulating parallel LC as NDR
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304 2-
=302+

-8002—
150024
-210% 2+
-270C
OmA—

260mA— ¢ |‘ . . . -
-1.2¢¥ -0.6¥  0.0¥ 0.6Y 1.2¢ 1.8V 2.4¥
V{ul]
pic3. Simulating parallel LC as NDR (top-R(U), bott om- |-V characteristic)

'PULSE(02501ms 5ms025ms1) ~ -~~~ -
H"‘“ﬂ 35'330'“1 Bre173m AR95.750 Im'1n3m [g-u 1m1 n-13m;

pic4. Serial LC as NDR
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150mab
S0mé
J0maA

I0mA

0.7ms 1.4ms 2.1ms 2.8ms 3.5ms 4.2ms 4.9msz bBms  BE.3ms T.0ms

pic5. Simulating serial LC as NDR

150maA
J0ma

F0ma

gy 12%
W{ul)

pic6. Simulating serial LC as NDR (top-R(U), bottom - I-V characteristic)
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Avalanche breakdown effect in transistor

Almost any bipolar transistor can be used as a hega tive resistance. Below
shown S type I-V curve for npn transistor. (Unfortu nately can’t find any
better quality picture)

Wy [ B
6.7

picl. I-V curve for reverse biased npn transistor
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1 Kohm eRER

= 8.81 uF

31 volts /‘
12 ma
3 = NI %
Fig &

point & Faint b
23 volts L Kohm 2 o
& n3 S s | JII
K 1a88 pF
3 OE O DN2222 5.7 wH
K "
Fig B

June 15th, 2001

The Negistor experiment replicated successfully by Roger Burley

pic2. Test schematics with transistor in avalanche

details)

Tek HEE m.omiu;_s B6 ACOE .
i
;/ All rd 4 //]| /"jl 7
-l_.-"r l'.. _.")-I | A I,v.-"r | J(
1 1N TR WEoEgs CRT > ov

MOR Tests by Roger Burtey - Jume 15th, 2001 - Figa

pic3. Waveforms for above circuits

Links:
http://jinlabs.online.fr/cnr/negosc.htm

Chil Fr
BE.2T2kHE

Chi PE-Pk
v

mode (see 1 for more

Tek EITH 10.0.“5.1:!. 3 a!.u_.li_.‘.qs 3
;"ﬂll._ fﬂ ﬁ )
LA - \,;h_,,ﬂf R
a0 b
7\ / \ / \
5:‘., / \ Illll'nll lll'l.q-
T )

14 Juem 2901
21:37:54

2 o ] ¥
HDR Tests by Roger Burley - June 5th, 2001 -Fig 8

(1)

http://www.onsemi.com/pub_link/Collateral/AN1628-D.

PDF

http://www.elektor.com/magazines/2012/september/ele

ctronics-for-starters-

Chl PE=PE
LAV
Ch2 Pk-Fk
LR

Ch2F
53.2::1?#:

14 jun 2pol
2210740

%287%29.2235967.lynkx  (3)
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Broomstick antenna

“Broomstick antenna is known for a very long time, since the 30s of the last
century, and is sometimes still used as radio recei vers for the LW and MW
bands.”

corona

discharge / ;"_%_’l
Vs

4
| |!,:.

m ~ ”
%{FF}; ¢ )

pic2. Construction of broomstick antenna

Links:
http://translate.google.com/translate?sl=ru&tl=en&j s=n&prev=_t&hl=en&ie=UTF-
8&u=http%3A%2F%2Fqrp.ru%?2Farticles%2F56-ra3aae-arti cles%2F474-

%D0%BC%D0%B5%D1%82%D0%B5%D0%BB%D0%BA%D0%B0&act=url
http://www.km5kg.com/negative.htm
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Spark gap

The spark gap is most common “effect” used by FE re searchers since 19 th
century. However not many researchers recognize it as S type NDR and
therefore good candidate for energy source itself.

‘KILTLZ.D
. Mec o U2 .
V1 Ut
+ 42 S e an el g
A el e : Spark_Gap .
_ Rser=10m Cpar=10u

R1

~ .. PULSE(0 12 1u 19%u 10u 4m 2m)
model SW SWiRon=10m Roff=1e6 Vi=6 Vh=-2)
Sdran 0 100m 80m .

picl. Test circuit with spark gap

I0ms

10maA

i i G0ma
90 0Y = i + 11 0maA
ms Zms i bms Bms 10ms 12ms l14ms 16ms 18ms 2Z20ms

pic2. Spark gap simulation
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1 E'].I.'!.I'I=|'|1_'.: 1 0.03ms 1 E"].[_!.ﬁil'lf;
pic3. Same as pic.2 but larger time scale

bOImaA
40ma
2Z0mA
OmA
-20maA
A0ma
-G0mA
80ma
—-100maA
-1 20mA

10.09ms

' DarkDischarge _Glow Discharge, Arc 1
lDUD?— I II A
[ | Jrl
BO0 '— [ ” -
< | B B C D, . i
60O = [ I -
g : I H |I ]
= ' I [ 4
S 4001 | F G;f g 1
[ il 1
200 | Q K-
Py YA : \;1,,.7
I:I'L . - i 1 - i - 1 ! 1 - |
107" 107 10°° 10°

Current (A)

pic4. Voltage versus current characteristics for ne
degree to see S shape I-V NDR)

“Voltage versus current characteristics for neon ga
between flat electrodes spaced 50 cm. A-D dark disc
discharge, I-K arc. A-B represent non-self-sustaini
collection of spontaneously-generated ions. B-D is
where the cascade multiplication of carriers takes
transition to a glow discharge, breakdown of the ga
transition to a normal glow; in the regions around
constant for varying current. The region G-I repres
current density rises. I-J represents transition to

*picture and text from (1)

on gas (turn picture 90

s at 1 Torr pressure
harge, D-I glow

ng discharge and

the Townsend region,
place. D-E is the

s. E-G represents

G, voltage is nearly
ents abnormal glow, as
an arc discharge.”
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Links:
http://en.wikipedia.org/wiki/Electric_discharge D)
http://mysite.du.edu/~jcalvert/phys/dischg.htm

Shorting
The idea of shorting transformer secondary often di scussed on EVGRAY group.
Shorting creates an “artificial” negative resistanc e and oscillations.

picl. Model

0.0ms 0.1ms 0.2ms 0.3Jms 0.4ms 0.5ms 0.6ms 0.fms 0.8ms 0.9ms 1.0ms
pic2. Simulation without shorting switch
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pic3. Simulation with switch active

In last posts | tried to show different types of ND R and theoretical
possibility to get some extra energy. This is just an idea. | hope it helps
somebody who wants research this subject deeper.
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Afterword

| tried present some practical stuff and provide ma
hope that is was interesting and you found somethin
knowledge will be a “common ground” for further dev
can't build a FE device without a precise understan
work, so next book will be about different FE devic

ny theoretical links. |

g new and useful. This
elopment. I think that we
ding how it supposed to
e concepts.
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Software

Simulation software used in this book can be found

- LTspice IV is a high performance SPICE simulator

http://www.linear.com/designtools/software/?gclid=C LbO1aT367kCFZNB8cA0dRQIAMQ
#LTspice

- Scilab is free and open source software for numer ical computation

providing a powerful computing environment for engi neering and scientific

applications. See www.scilab.org
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Good luck!
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