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+ Lift dampers at 440 and 880

» Strike and release 220



WAVE PROPAGATION TRANSPORTS ENERGY

4 Disturbance acceleration
causes media to
propagate the
disturbance energy

Local movement of

v Py media dissipates some
Elasticity: Ability to resist “Hetey
distorting influence then Remaining energy 1s
i i stored, retlected or
return to original condition transmitted

move a.% w...,_ ..., media remains unmoved

Overall (macro scale)
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Accelerating|Electrical Charges:
Source of\?ll Classical Electromfagnetic Radiation

ref 8 p.58, 59
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Newton’s Cradle:
An interesting demonstration of Wave Propagation

« Elasticity of the steel propagates momentum from
one ball to next without very much loss.

« However, elasticity loss causes swing of each cycle to
be less than the previous cycle.

« If we would measure the input swing (on right S1),
the output swing (on left S21) and the reflection
swing (on right S11) we should be able to estimate
the system loss rate.

Magnetic Component Analogy
Storage Choke:  Loss is BAD
Pwr Xfmr: Loss is BAD
EMI Filter: Loss is GOOD

PSMA Magnetics Workshop 2020-06-16 Rodney Rodgers (502)718-6639, Magnetics Committee Slide -5 - PSM n






Classic wave equation

Space derivative  velocity factors  time derivative

92n /Ox2 = (1) 92n /0

Where:
c= velocity of propagation
n = disturbance (displacement)
X= distance (space)
t= time

ref2p.3
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Violin string:
c=\/(T / p)
Where:
e T — tension
* 0 — mass per unit length

Vacuum of space

c= 1/ (&0 * o)
Where:
* (L = permeability

* & L pemittivilp SM A




Electromagnetic Wave Propagation

2
VB = e GE
ot?
0~B
VEB = egpg ——
ot?
Where:

V2 02/ 022 + 02/ dy? + 07/ 022

ref 2 p240, 249

in vacuum of space

Vacuum of space

c=1/4/(go * tio)

Where:
* (L — permeability
* & = permittivity

« These two equations are not independent of
each other.

« They come together thru the Curl equations of

Maxwell
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Gauss’ Law (conservation of free charge)
V e D=p (D = ¢ B)
V e E=p/e

Faraday’s Induction Law
V x E=-0B/dt (B = o H)
V. xE=-pdH/ 0t

Maxwell’'s Equations

Ampere’s Circuital Law (including displacement current)

VxH=J+0D/ 0ot J = o I)
V.xB=pl+e pu OE/ Ot
V.xB=po E+e u OE/ Ot

Gauss’ Law (absence of soluble magnetic of charge)

V e B=0
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Variables/(units)

D: Electric displacement field (coulomb/sq meter)
E: Electric field intensity (volt/meter)

B: Magnetic flux density (tesla = volt-sec/meter)
H: Magnetic field intensity (amps/meter)

J: Current density (amps/sq meter)

0. Free-charge density (coulombs/cubic meter)
¢ . Dielectric permittivity (Farad/meter)

/L. Magnetic permeability (Henry/meter)

o . Conductivity (siemens/meter)

V: Differential operator (0/0x + 3/ dy + 9/ 0z)

Poynting Vector

(1/) ExB = ExH = (1/¢) Dx H

(rate of flow of electromagnetic energy carried across
bounding surface bounding the volume containg the

stored energy)

ref 1 p7 and ref 2 p.248, 258, 403
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WAVE PROPAGATION TRANSPORTS ENERGY

ENERGY INPUT
 Couples to output load
» Reflects back toward input (return loss)
« Converts to heat (reversal / eddy loss)

« “Captured” by internal reflections and
converts to heat (dimensional /

mechanical / magnetostriction loss) eR
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Function of core geometry

Propagation velocity function of L and C
Loss function of "2 Rand E"2 /R
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O-S-L-T Calibration at “"Reference Plane”

FROM: Sig Gen TO: UUT

Input port e B ) TFARSMITLRd por
¢y 00 (P2)

s

(P3) m\ (Pd)
Coupled port n—rJ ® b—a—a0 Isolated port
Reflected sig Incident sig

NanoVNA Directional Coupler

(Cross Connected Transformers, Wikipedia)

A
-

o

&
| open &
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|
NanoVNA Menu Structure Map
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nanoNVA Output Datafile format

| File created by NanoVNA

(https://genlll.taobao.com/)

Columnl

1 Start 50000Hz
‘Stop 900000000Hz
antsllﬂl

#HZSMARS0
| S - Parameter data, FS11521

(S12 and 522 are invalid)
Frequency
(Hz)

50000
E{HIESDE
1au49nnn
27048500
36048000
45047500

511
Magnitude
(ratio to

Im:ident_}
E‘l 780087828

0.768228881
0.761763885
0.749206136
0.742036303
0.726117354

S11
Phase
(Deg from
Incident)

0. I]dd}'lﬂIEE
-1{] E-3ﬂ5124
-21.12908211
-31.60209702
-42.67201679
-53.73245101

521
Magnitude
(ratio to

Incident)
0. 2154351?3

o il ™ ™,

{'.I 231514915_

I] 25221097
0.277545783

D 06I1I4TF

0.343335335
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S21
Phase

(Deg from

Incident)
-0. 091450434

? 40535[133‘3
12 ?153?15
15.913&1’54
20.98985862
23.42203935
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Related Topics

The Motion of @ Wave Packet in o Dispersive Medium 435

« Shock Wave — ‘ |
Ref 2 p.435

(temporary local saturation at “rectangular excitation®)

 Magnetostriction
(mechanical loss)

 Wave Velocity

 Incident and Reflection
 SRF to Permittivity

« Smith Chart
« Directional Coupler Transformer Pair

« Impedance measurement
* Freq for measurement of C and L
« Coating (varnish/epoxy) effect on permittivity and magnetostriction?
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SRF to Permittivity

Which dimension for A, and /.. ? Orthogonal ?(eg not same dims for ¢ and /{,L>’?

Which frequency for R, C and L measurements? Freq indicating highest value for that parameter

Channel 0: Display traces Phase and Smith; Move marker

1. At Phase =-90° Record: C and Freq (permittivity)

2. AtPhase =x180°,0° Record: R and Freq (resistivity) and (SRF)

3. AtPhase = +90° Record: L and Freq (permeability)

Permittivity Permeability
“RE0 R0
C = slzlﬂ L = ‘uAﬂ N2
FE lrg
ref 3 p.118 ref 5 p. 28

Conductivity

o.— 1/p

[
FE
R=p—
AFE
ref 15 p.121
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CALCULATE
(to cross-check SRF)

SRF = f, =
Jo 2mVLC

or use SRF (eg f, ) and L at
low freq to find C:

C= —

2 mf, 2L

Side- 1. PSMA




Permittivity to Velocity

Propagation Speed: |[v| = 1/,/(& * w) (ref 3 p 250)

Propagation Speed: |v| = 1/,/(L * C) (in long cable ref 15 p 2-32)

Propagation Speed in Vacuum: |v| = 1/,/(&y * o)

Lo =1.256664 E-6 Henry per meter
£,=8.84194 E-12 Farad per meter

Light: |v| = c = (1.256664E-6 x 8.84194E-12)%> = 300 x 10° meter/sec

PSMA Magnetics Workshop 2020-06-16 Rodney Rodgers (502)718-6639, Magnetics Committee Slide- 17 - Ps M n



Conductivity to Core Loss

Ampere’s Law Faraday’s Law

VxH= (0t jwe)b V x E =-jwe H ExH

Ohms “Law” Current Power

J =gk (amp per sq meter) l=Ja__=0col AFE<amP) P=V | (watt)

Poynting Vector

Transmission Line Analogy
OV/'0Z = -RI1-LAl/0t = -(R+ jw L) I(2)
01/0Z = -GV - C oV/ 0t = -(G+ jw C) V(2)
Stored Energy: %2 LI?2 + %2 C V2 (joule/meter)

Dissipated Energy: R I2+ G V2 (joule/meter)

ref 1 p. 22, 61, 321 ,403
ref 2 p.248, 258,
ref 3 p.110
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Variables/(units)

E: Electric field intensity (Volts/meter)

H: Magnetic field intensity (Amps/meter)

J: Current density (Amps/sq meter)

¢ . Dielectric permittivity (Farad/meter)

/L. Magnetic permeability (Henry/meter)

o . Conductivity (siemens/meter)

V: Differential operator (0/0x + 0/ dy + 3/ 0z)
w: 2 711 f(radians per second)

A, : Cross section (sq meter)

l... Length (meter)

dz: Incremental length (meter)
V: Potential Difference (Volt)

|: Current (ampere)

R: Resistance (ohm)

G: Conductance (siemens)

P: Power (watt)
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Conclusions

« Energy travels thru media as disturbance waves by means of L and C
(storage property) of media. Wave velocity depends on y and & .
(Media includes core/wire/insulations/coating/potting/hardware/oil/air etc).
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however permittivity (¢) and permeability (u) are part of the.\in,-

- % L]
14
e
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* nanoVNA demonstrates principals and basi€ -
relationships, but is not a replacement
for expensive commercial test equipment
(WK65120; E4990-120; PicoVNA 106.) N

 Choice of which dimensio-n(sﬁ\/ /
use for Ace and {., malvary _ \ & /.
according to actual r’nediaw W

- Assessment on actualproduct\is &~ |
essential to design success. (FAlplosses, performance, etc)
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Thank you S~—_

WWW.psma.com
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v = 1/4/(e * p)

lv| =1/4/(L * C)

lv| = 1/\/(50 * o)

1
SRF = f, =
Jo 2mVLC
A A [
lrg lpg Apg
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