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 Transmission line Is a specialized cable
designed to carry alternating current of radio
frequency, that is, currents with a frequency
high enough that its wave nature must be
taken into account.

Courtesy Wikipedia
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Coaxial cable

Coaxial Cable Structure Figure

P R

A B C
Conductor Insulation Binder Braid Shield Jacket

Copyright @ 2010 Wellshow Technology. All rights reserved

Specification:

Impedance: 53 Q

Capacitance: 83 pF/m

Conductor: Bare Copper Wire (1/1.02mm)
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V(x,t)
e i()(,t) ¢
Fout
x dx e e
.‘ )l ’(_ C = capacitance per unit length
L = inductance per unit length
/" cdxV =-dq; ) /[ )
coV __aa_.. dV=—(de)ﬂ;
- - dt
ot ot
a_ v ov__
ox ot OX dt
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0 B,
Jdatl oxL.
O3 oA/ oV O’
—C =—L

oXxot 2)

oox . o ox*
\ Combining (1) and (2) /

% 8% PeY, o2/
— g _1cl =LC
1 { OX> ot OX> ot }
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2: 2: Looking for solution
OX ot

Ox? ot?

Now substituting V(x,t) and i(x,t) in
a_v = —L ﬂ ﬂ = -C a_v
OX dt OX ot

We can find V, =1, EL or _>

V(x,t)=V,sinw

i(x,1) = iosinm(

-

X
t——

~

V)

/

4 1 I
V=———
VLC
Speed of wave
\_ propagation )

L. :
E(X; t) = \/gI(X, t) - Zkl(x’ t} zk - characteristic Impedance

{T‘ Equivalent to Ohm’s law equation
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L = inductance per unit length £,=8.854% 10 (F/m)

= C = capacitance per unit length
“\c
H,=47x10" (H/m)

Cross-section of the coaxial cable

= _ 2me g,
C j (F/m) | _ Mok ,n(%) .

0 |n(D 27
d

d.

S
N

S

S

*s (g, - dielectric permittivity
L,-magnetic permeability =1

Finally for coaxial cable: Zk a @ Iog (B) (Oth)
Je, T\

T
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LC —) V- — ~
Speed of wave \/,uoﬂrgogr \ ,Urir \/;
\_ propagation ) N -

For polyethylene g,~2.25(up to 1GHz)

1
Delay time 7 =~ (s/m) 3336010 /¢, (s/m) =3.336,/¢, (ns/m)

Inner Insulation Materials: Polyethylene
RG'B/U' Nominal Impedance: 52 ohm
RG58U: Delay time ~5ns/m
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solution for the traveling in opposite direction

) reflected —I_l'— - ( W N )

— V(x,t)=V.sInw| t——
wee oV oV (x )=V, Y
2, - A X<
I(X,t)=1,SIn®| t——
L eee K V)j
X > For reflected wave V,=-2,i,
_l_l_ fM) At any point of the transmnssnon/lme ~
V=V, +V,
1. Resistive
load Z,=R, V i =i _|_i_=Vi _Vr
- — RL r | Zk Zk
| o /
VitV. _R oV = RL—ZkV_
T V.-V Z " R +Z,
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Resistive load Z,=R,

Reflection in transmission line

- - - -

VitV, _R/ V=R'-_Z"V.
v.-v, z  ° "R +Z

|

OpenlineR=2 2V, =V,
Incident pulse

F
7§ /
6
_S /
E. | pplantse ] i
3
2
1
S ;o;,'\ ;onj """ kﬂ,
time (nS)
I Reflected pulse
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Reflectio

=
%

-
If‘

[Theory: Ri=ee =2V =V, }

[ Experiment RG 58U ]

| N4.18265

§ ﬂ 3.53531
3f

time (nS)

i D/p20i8. ed u

- - - -

Attenuation (dB per 100 feet)

MHz 30 50 100 146 150
RG-58U 25 4.1 53 6.1 6.1
vi
incident
reflected __ I 1_Vr
V.
ATTN (db) =20log (\7')
Important parameter for
cable is attenuation per

length
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Reflectio

l_l

| £4.18265 4.18
“F In our case: Attn(200 ft) = 20log| —— |~1.46dB
: ﬂ 3.53531 3.54
3f | Where it is coming from?
S .af
>
:
b T T o P e TR et P
0 100 200 300 400 500 600 700

time (nS)

I
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L v-
| N4.18265
4 =
: ﬂ 3.53531
3f |
: RG-58U
S 2}
>
1f
0 [

time (nS)

Attn(200 ft) = 20log 418
3.54

Core 9=0.81 mm

||
@ Dielectric =2.9 mm

2/4/2013

illinois.edu

)z 1.46dB

V (V)

4 56 3.78262
y:

RG-8U
2f
X
0 E Kwr w

0 100 200 300 400 500 600 700

time (nS)
Attn(200 ft) = 20log ( 33;97382J ~ 0.335dB

Core 9=2.17 mm

Dielectric =7.2 mm

Spring 2013
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Loses. Frequency dispersion.

| 14.18265
a B e ot Reflected pulse does not follow
g / 358931 _——1 | the shape of the incident pulse
. P
3 N ‘\ /
\\ ,/
S
St RG-58U
i
)
AR RN AR ST T N—r— A
0 100 200 300 400 500 600 700 5
time (nS) ©

Frequency dependence of the
attenuation RG-58U cable

I
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- ]
time (nS) f (MH2) f (MHz)
300
1.0 -
»\ —Incident pulse spectrum
reflected pulse spectrum
ER IFFT S
>
100 |
\
time (nS)
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V(V)

Reflection in transmission line
s as _ V,+V, R, R -Z
Resistive load Z,=R, [ Vv =z or V, = R iz ZkVi }
Shorted lineR=0 =V, =-V,
> ] _—"Incident pulse
os ; —
| __— Reflected pulse
2o \ — |
-2.5 e \ IIIIIIIIIIIIIIIIIIIIIIII
time (ns)
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Reflection in trans

Resistive load Z =R, V.+V, R, R —Z,
vV.-v, z  ° "R +z
Matching the load impedance -
2. Incident pulse
R'- 2 k? V’ 20 Incident pulse §
/ —— 2480 | jo
R // —— 179.90 |
6 — 10020} e NS
o K —_— 149.6Q 0 200 400
0.4f —500Q || time (ns)
1.0 Ir
2 0.0
> -0.5
X .
][ time (ns) “ Reflected pulse O e
time (ns)
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Hermann Ludwig
Ferdinand von Helmholtz
(1821-1894)

I

illinois.edu

2/4/2013

Thévenin's theorem

- - - -

Any combination of batteries and
resistances with two terminals can be

replaced by a single voltage source €

and a single series resistor I’

Léon Charles Thévenin
(1857-1926)
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Thévenin's theorem. Transmission line.

V=V, +V,=ieR P .

2V,

.. . V. V| Jj = /J
i=i +i,==- ﬁ =
Z, Z, R +2Z,
\_ - o v
Z,
MNO- - -
RI.
‘O_ e
From this equivalent equation we can find the maximum
possible power delivered to R, .
2 (2v,)
P=i’R, = ~R,
(R, +2Z)

T P=P,.. if R.=Z, (no reflection)
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5 incident
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7.55
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. Experiment.
zk
AMNO- - -

O___

This experiment better to perform
on RG 8U cable because of lower
attenuation

RL=co, amplitude of the pulse at
the end of line is expected to be
2Vi, where Vi is the amplitude
of the incident pulse
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Appendix #2. Reminders

1. The reports should be uploaded to the proper folder and only to the
proper folder

For example folder RLC Lab Report_L1 should used by students from L1 section only

| would recommend the file name style as:

L1 lab2 studentl

Lab section Lab number Your name

2. Origin template for this week Lab:

\\Phyaplportal\PHYCS401\Common\Origin templates\Transmission line\Time trace.otp

T
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Appendix

R. .. —s a serious to LCR circuit resistor

limit

Fitting parameters:

1
(1) Riimit (2)“‘)0-\/—(‘-
1 |L
Q=7 |z

Initial values can be estimated
from circuit parameters.

x#3. RLC

resenance circuit. Fitting.
a1 R+ joL  _ \
RIimit ‘
1-— |+ JoRC
a)O
1+ —
( R ) J OQ
R . 2
limit (1_(02)+ ﬁi
@, @, Q
w1 »°
1-j 2 =-Q|1-%;
_(_R wo(Q ( wD
| =
+

For fitting results and actual fitting function equation go to:
][ Phyaplportal\PHYCS401\Common\SimpleExamples\

Lab 3 Frequency Domain Analysis example.opj
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file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj
file://Phyaplportal/PHYCS401/Common/Simple Examples/bandpass.opj

Now to simplify the equation we can introduce the reduced frequency
¥ = — and transfer function compenents can be presented as:

m/;(w)=(pg. j Q—jr(1-Q*(1- y)\’

R, Q*(1—y ) +(7)
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Two other components the modulus and the phase shift:

\ )
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Appendix #4. Error propagation.

y = f(x1, x2 ... xn)

i / i=1
1.15 |
==
N '________¢|'. ______________________________ L
< §
< i Y
Y—
1.10
| xxAx
-
1 15
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| fo(L,C) = — | —
Derive resonance frequency f 27z N\ LC
from measured inductance
L+AL and capacitance C+AC L, =10x1mH, C,=10%2pF
Af(L,C,AL,AC)=\/[ l } -AL” + [ el } AC*?
oL oC
of -1 _-= -2
oL 4ﬂC L Results:
T f(L,,C,)=503.29212104487Hz
= L°C ¢ Af=56.26977Hz
oC Arx

f(L,,C,)=503+56Hz
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Error propagation. Example.

-

L1 =10+ 1mH, C1 =10+ ]_uF Where these numbers are coming from?

1. Using commercial resistors, capacitors, inductances...

&

C=500pFt5% L=35mH110%

2. Measuring the parameters using standard equipment

SENCORE “Z"” meter model LC53
Capacitance measuring accuracy 5%
Inductance measuring accuracy +2%

Agilent E4980A Precision LCR Meter

Basic accuracy +0.05%

I
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